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A coordinate detection apparatus used, for example, to input handwriting to a 
computer. The apparatus measures the number of times of crossing of the 
waveform (55) of an ultrasonic wave signal over a threshold value (Vth), detects 
the crossing timing at, for example, the waveform having the maximal amplitude 
(W4) after a predetermined number of times counting from a crossing point of a 
first crossing, measures the time period from the transmission start of the 
ultrasonic wave by the transmission unit (10) to the detected crossing timing and 
calculates a length (L) based on the time measured. A coordinate inputting 
apparatus (100) comprises a pen (102) for transmitting an ultrasonic wave and a 
coordinate inputting apparatus for inputting coordinate positions of the pen (102) 
based on a propagation time of the ultrasonic wave transmitted by the pen (102) 
and received by a plurality of ultrasonic wave receivers (304) and the receiver 
comprises at least a pair of ultrasonic receivers (304-1, 304-2) for receiving the 
ultrasonic wave transmitted by the pen (102) and a clip mechanism for pinching a 
corner of a sheet. Malfunctioning due to contact noise between the pen and 
sheet can be avoided by delaying the transmission timing of the signal from the 
pen. 
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(54) Ultrasonic length measuring apparatus and method lor coordinate input 



(57) A coordinate detection apparatus used, for ex- 
ample, to input handwriting to a computer. The appara- 
tus measures the number of times of crossing of the 
waveform (55) of an ultrasonic wave signal over a 
threshold value (Vth), detects the crossing timing at, for 
example, the waveform having the maximal amplitude 
(W4) after a predetermined number of times counting 
from a crossing point of a first crossing, measures the 
time period from the transmission start of the ultrasonic 
wave by the transmission unit (1 0) to the detected cross- 
ing timing and calculates a length (L) based on the time 
measured. A coordinate inputting apparatus (1 00) com- 
prises a pen (102) for transmitting an ultrasonic wave 
and a coordinate inputting apparatus for inputting coor- 
dinate positions of the pen (1 02) based on a propagation 
time of the ultrasonic wave transmitted by the pen (102) 
and received by a plurality of ultrasonic wave receivers 
(304) and the receiver comprises at least a pair of ultra- 
sonic receivers (304-1 , 304-2) for receiving the ultrason- 
ic wave transmitted by the pen (1 02) and a clip mecha- 
nism for pinching a corner of a sheet. Malfunctioning due 
to contact noise between the pen and sheet can be 
avoided by delaying the transmission timing of the signal 
from the pen. 
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Description 

[0001] The present invention relates generally to co- 
ordinate detection by measuring of lengths, in which a 
position is detected by counting the propagation time of 
ultrasonic waves and, more particularly, to an apparatus 
and method for coordinate inputting, as character data 
or graphic data, tracks created by hand-writing charac- 
ters orfigures on a sheet of paper with a dedicated pen. 
[0002] Mice, trackballs and magnetic-type or pres- 
sure-sensitive-typetabletsetc.areknown as coordinate 
inputting apparatuses (pointing devices) for inputting 
the coordinate information to the computers. Among 
these, the magnetic-type or pressure-sensitive-type 
tablets are excellent in terms of usability and precision. 
This is a pointing apparatus with which, when a mag- 
netic-type or pressure-sensitive-type sensor plane is 
traced with a pen-type mover, the coordinate positions 
on the sensor plane traced are detected and their posi- 
tion information is output as electric signals. The mag- 
netic-type or pressure-sensitive-type tablet has an ex- 
cellent characteristic as above but the area for writing 
operation is limited within the sensor plane attached to 
it. If the area for writing is extended, a larger apparatus 
is necessary as an apparatus constituting the sensor 
plane and, in this case, the cost of the sensor plane unit 
increases and also a large space for accommodating 
the sensor plane unit is necessary. 
[0003] Conventionally, length measuring apparatus- 
es using ultrasonic wave employed in coordinate input- 
ting apparatuses obtain a length by receiving an ultra- 
sonic wave transmitted by a transmitter and measuring 
the propagation time periods of the wave. Because the 
length to be measured is obtained by multiplying the 
propagation time period by the velocity of the ultrasonic 
wave, the length is calculated by measuring the time be- 
tween the time the wave is transmitted and the time the 
wave arrives at the receiver as the propagation time pe- 
riod. A properthreshold is setforthe received waveform 
of the ultrasonic wave that has been converted into an 
electric signal after being received by the receiver and 
the time the signal exceeds the threshold is determined 
as the time the wave arrives at the receiver. In order to 
obtain a length accurately, it is necessary to always de- 
tect the arriving timing with a same waveform as the re- 
ceived waveform of the ultrasonic wave from the receiv- 
er. 

[0004] Because an ultrasonic wave becomes attenu- 
ated as the length the wave has propagated becomes 
longer, the form of an ultrasonic wave received at the 
receiver varies depending on the length. Fig. 1 shows a 
form of an ultrasonic wave received. In Fig. 1 , the wave- 
form is the form of an ultrasonic wave 11 00 when the 
length is short, and the wave is attenuated to have the 
form as an ultrasonic wave 1 1 02 represented by the dot- 
ted line when the length is long. The ultrasonic wave 
that actually arrives is not only attenuated. An ultrasonic 
wave sensor made from an ordinary piezoelectric ce- 



ramic used as the receiver is very sensitive but the form 
of the ultrasonic wave received slowly becomes larger 
as shown in Fig. 1 because of the high Q-value. There- 
fore, if the arriving time is obtained by simply obtaining 

5 the timing when the waveform crosses the threshold 
V th1 , the timing is a detected timing 1104 when the 
length is short but the timing is a detected timing 1 1 06 
when the length is long and the amplitude of the detect- 
ed waveform has been attenuated because the thresh- 

10 old V th1 and the wave crossing it are different. As a re- 
sult, an error corresponding to one wavelength is pro- 
duced. For example, when utilizing an ultrasonic wave 
at the frequency of 40 KHz, dislocation of one wave- 
length causes an error of as much as 8 mm because 

15 one wavelength corresponds to approximately 8 mm. As 
the approaches for reducing this influence of amplitude 
of ultrasonic waves, a method utilizing the envelope of 
the form of the ultrasonic wave received (for example, 
Japanese Patent Application Laid-open (kokai) No. 

20 Hei5-215850) and a method for obtaining an assumed 
zero-cross point utilizing a plurality of each apex of wave 
of the form of an ultrasonic wave (for example, Japa- 
nese Patent Application Laid-open (kokai) No. 
Hei8-254454) etc. have been proposed. In the case of 

25 the method utilizing the envelope, the wave crossing the 
threshold is not mistaken like in the case utilizing directly 
the waveform of an ultrasonic wave but the temporal 
resolution can not be made high. In the method in which 
an assumed zero-cross point is obtained, a complicat- 

30 ed, i.e., expensive signal processing circuit is necessary 
in which a peak-detector is conducted at a plurality of 
levels for the received waveform and the assumed zero- 
cross point is obtained by calculation. Therefore, a 
method in which the signal processing circuit is simple 

35 and low-cost but a high temporal resolution can be ob- 
tained is being sought. 

[0005] The uses which need such a high resolution 
include , for example, a case where a coordinate of a 
position is measured from two lengths measured by re- 
40 ceiving an ultrasonic wave from an ultrasonic wave 
transmission unit attached to a pen etc. using two ultra- 
sonic wave sensors fixedly mounted and the movement 
of the pen accompanying the writing down of characters 
on a sheet of paper is input into an information process- 
es ing apparatus, and also cases where the mounting 
spacing of ultrasonic wave sensors is much smaller 
compared to the length to be measured. 
[0006] With the prevalence of personal computers in 
recent years, inputting electronic text using a keyboard 
50 is getting more frequent than hand-writing characters on 
a sheet of paper using pencil etc. However, handwriting 
of characters etc. actually on a sheet of paper is easier 
than inputting with a keyboard when taking a brief note. 
Therefore, when attending a meeting, it is still common 
55 that each person present brings a scratchpad and hand- 
writes into it using a pencil. However, considering that 
the note taken has to be handed out to others or man- 
aged, it is preferable that the note taken is computerized 
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(digitised). Also, because the process necessary to do 
so if the hand-written characters are read out by an im- 
age scanner and it is inconvenient to carry if a touch- 
panel or a tablet is employed, it is desirable to be able 
to input the hand-written characters easily as electronic 
data. From the above-described facts, conventionally, a 
coordinate input apparatus is known in which a pair of 
ultrasonic wave receivers are arranged on a sheet of 
paper and, by receiving an ultrasonic wave transmitted 
from a pen by these ultrasonic wave receivers and from 
triangulation using the propagation time period of the ul- 
trasonic wave, the coordinates are input. For example, 
Japanese Patent Application Laid-open (kokai) No. 
Hei8-36462 and Japanese Patent Application Laid- 
open (kokai) No. 2000-298547 disclose a technique in 
which two ultrasonic wave receivers constituting a re- 
ceiver are arranged on a desk or support base and the 
length between a pen and the ultrasonic wave receivers 
is continuously measured from the propagation time pe- 
riod necessary for an ultrasonic wave to propagate to 
these ultrasonic wave receivers and, then, the coordi- 
nates of the pen in relation to the deskareobtained using 
triangulation. In this case, an infrared ray and ultrasonic 
wave receiver is provided on the desk and an infrared 
ray from the pen is received by the infrared ray and ul- 
trasonic wave receiver to make the temporal synchroni- 
zation of the time when an ultrasonic wave was gener- 
ated from the pen. However, when such a conventional 
technique employing triangulation is used, an area be- 
ing a blind spot is created in a portion of the sheet of 
paper where inputting of coordinates becomes impossi- 
ble or the resolution becomes degraded consequently 
even if the input is possible. In addition, problems of larg- 
er size of the apparatus and increased cost occur. 
[0007] The present invention provides an apparatus 
and method enabling an extremely high-precision de- 
tection of position with a relatively simple configuration. 
[0008] According to a first aspect of the present inven- 
tion there is provided an ultrasonic length measuring ap- 
paratus comprising a transmission unit for transmitting 
an ultrasonic wave; at least one receiving unit (ultrason- 
ic sensor) for receiving an ultrasonic wave and convert- 
ing it into an electric signal; a timing detection unit for 
measuring the number of times of the crossing of the 
waveform of the received ultrasonic wave signal from 
the receiving unit over a predetermined threshold value 
and for detecting a crossing timing (time of crossing) af- 
ter predetermined (number of)times(of crossing) from a 
crossing point of a first crossing; a time measuring unit 
for measuring the time period from the start of transmis- 
sion of the ultrasonic wave by the transmission unit to 
the crossing timing detected; and a length measuring 
unitfor calculating a length based on the time measured. 
[0009] As a result of the inventors' active considera- 
tion they have discovered that the resolution of the 
measurement of the arriving time using the received 
waveform of the ultrasonic wave depends on the incli- 
nation (gradient) of the waveform crossing the threshold 



value and the resolution obtained becomes higher as 
the amplitude becomes larger because the inclination 
becomes steeper. That is, the dispersion of the timing 
for crossing the threshold value becomes smaller as the 

5 amplitude becomes larger. Therefore, the measurement 
precision of the propagation time is improved by detect- 
ing the crossing timing with a wave having a large am- 
plitude that has a steep inclination of its wave form for 
crossing the threshold. 

10 [0010] According to a second aspect of the present 
invention there is provided an ultrasonic length measur- 
ing apparatus comprising a transmission unit for trans- 
mitting an ultrasonic wave; at least one receiving unitfor 
receiving an ultrasonic wave and converting it into an 

is electric signal; a timing detection unit for measuring the 
number of times of the crossing of the waveform of the 
received ultrasonic wave signal from the receiving unit 
over a predetermined threshold value and for detecting 
each crossing timing for predetermined numbers of 

20 crossings from the crossing point after predetermined 
times (numbers of crossings) from the crossing point of 
first crossing; a time measuring unit for measuring the 
time periods from the start of transmission of the ultra- 
sonic wave by the transmission unit to each crossing 

25 timing detected, and obtaining the arithmetic mean of 
thetimes measured; and a length measuring unit for cal- 
culating a length based on thetime obtained asthe arith- 
metic mean . In this case, it is possible to further improve 
the effective temporal resolution by obtaining the arith- 

30 metic mean of a plurality of the crossing timingswhen 
the inclination of the waveform crossing the threshold 
becomes steep. 

[0011] The point of intersection after predetermined 
time periods herein means the point of intersection at 
35 which a vibration (e.g. a waveform peak or apex of the 
received ultrasonic wave) crosses the threshold and in 
which the amplitude of the received waveform of the ul- 
trasonic wave becomes maximal or a point of intersec- 
tion at which a vibration crosses the threshold the vibra- 
to tion being one vibration immediately before or after the 
above vibration. The amplitude of the wave which first 
crosses the threshold used in the conventional detection 
is approximately 20-50% of the maximal amplitude de- 
pending on the Q-value of the receiving system. There- 
45 fore, the temporal resolution can be improved by using 
the point of intersection of a vibration crossing the 
threshold having the maximal amplitude and not the first 
intersecting vibration because an amplitude two (2) to 
five (5) times as large as the conventional amplitude can 
50 be obtained. The point of intersection after the prede- 
termined times means a point of intersection crossing 
the threshold at the nth vibration of the received wave- 
form of the ultrasonic wave or the point of intersection 
crossing the threshold at the (n±1)th vibration when the 
55 integer value of Q-value of the receiver unit (ultrasonic 
wave sensors) is n. For example, the Q-value of an ul- 
trasonic wave sensor using a piezoelectric film such as 
PVDF is approximately 4. Then, in this case, the cross- 
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ing timing that corresponds to a point of intersection 
crossing the threshold at the (n=) fourth vibration of the 
received waveform of an ultrasonic wave or to a point 
of intersection crossing the threshold at the (n ±1=)third 
or fifth vibration is detected and the ultrasonic wave has 
the maximal amplitude orthe amplitudes nextto it in this 
timing, and so, resolution can be improved. 
[0012] In the ultrasonic length measuring apparatus 
of the second aspect in which a plurality of crossing tim- 
ings are subjected to arithmetic mean, the timing detec- 
tion unit measures the number of times of crossing the 
threshold by the waveform of the received ultrasonic 
wave received by the receiving unit, with the threshold 
value set on both of the polarities relative to the center 
of the vibration, and detects each crossing timing for a 
predetermined number of times of crossing from the 
crossing point of both of the polarities after a predeter- 
mined number of crossing times counting from the 
crossing point of the first crossing. In this case, the time 
measuring unit obtains the time by measuring and ob- 
taining the arithmetic mean of each of the timesf rom the 
start of transmitting the ultrason ic wave by the transmis- 
sion unit to each detected crossing timing of both polar- 
ities. Thus, the temporal resolution can be further im- 
proved by increasing the number of crossing timings in 
the vicinity of the maximal amplitude that the arithmetic 
mean is obtained from. According to an embodiment of 
the second aspect of the present invention in which a 
plurality of crossing timings are subjected to arithmetic 
mean, the timing detection unit measures the number 
of times of crossing at the rises and fall-downs of the 
waveform of the received ultrasonic wave received by 
the receiving unit, with a predetermined threshold, and 
detects each crossing timing for a predetermined 
number of times after a predetermined number of times 
counting from the crossing point of the first crossing. In 
this case; the time measuring unit obtains the time ob- 
tained by measuring each time period from the start of 
transmission of the ultrasonic wave to each crossing 
timing of the detected rises and falls, and obtains the 
arithmetic mean thereof. Thus, the temporal resolution 
can be further improved by increasing the number of 
crossing timings in the vicinity of the maximal amplitude 
that the arithmetic mean is obtained from. The transmis- 
sion unit comprises a transmission notifying unit which 
issues beams (of light) or electromagnetic waves in syn- 
chronism with the start of transmission of ultrasonic 
waves, and the time measuring unit receives a beam or 
electromagnetic wave from the transmission notifying 
unit and detects a transmission starting timing of the ul- 
trasonic wave. In the ultrasonic length measuring appa- 
ratus of the second aspect, the apparatus comprises at 
least two systems each of the receiving unit, the timing 
detection unit, the time measuring unit and the length 
measuring unit, and further comprises a coordinate 
measuring unit for calculating the position of the trans- 
mission unit as two -dimensional coordinates based on 
two lengths obtained by each of the length measuring 



units. Therefore, a very high length resolution can be 
achieved with a simple circuit even when the mounting 
spacing of ultrasonic wave sensors is very small com- 
pared to the length to be measured, as in a case where 
5 a coordinate of a position is obtained from two lengths 
measured by receiving an ultrasonic wave from an ul- 
trasonic wave transmission unit attached to a pen etc. 
using two ultrasonic wave sensors fixedly mounted and 
the movement of the pen accompanying the writing 
10 down of characters on a sheet of paper is input into an 
information processing apparatus. 
[0013] According to a third aspect of the present in- 
vention there is provided an ultrasonic length measuring 
method comprising a transmission step of transmitting 
15 an ultrasonic wave; a receiving step of receiving an ul- 
trasonic wave by use of at least one receiving unit and 
converting the ultrasonic wave into an electric signal; a 
timing detection step of measuring the number of times 
of the crossing of the waveform of the received ultrason- 
ic ic wave signal over a predetermined threshold value and 
detecting a crossing timing after predetermined times 
(numbers of crossings) from a crossing point of a first 
crossing; a time measuring step of measuring the time 
period from the start of transmission of the ultrasonic 
25 wave to the crossing timing detected; and a length 
measuring step of calculating a length based on the time 
measured. 

[0014] According to a fourth aspect of the present in- 
vention there is provided an ultrasonic length measuring 

30 method comprising a transmission step of transmitting 
an ultrasonic wave; a receiving step of receiving an ul- 
trasonic wave by use of at least one receiving unit and 
converting the ultrasonic wave into an electric signal; a 
timing detection step of measuring the number of times 

35 of the crossing of the waveform of the received ultrason- 
ic wave signal over a predetermined threshold value and 
for detecting each crossing timing for a number of pre- 
determined times from the crossing point after predeter- 
mined times have occurred from the crossing point of 

40 first crossing; a time measuring step of measuring the 
time period from the start of transmission of the ultra- 
sonic wave to the each crossing timing detected, and 
obtaining the arithmetic mean of the times measured; 
and a length measuring step of calculating a length 

45 based on the time obtained as the arithmetic mean . This 
ultrasonic length measuring method may further com- 
prise a coordinate measurement step for calculating a 
transmission position as a two -dimensional coordinate 
based on the two lengths obtained in the timing detec- 

50 tion step, the time measurement step and the length 
measurement step for the waveform of the received ul- 
trasonic wave received by at least two systems of the 
receiving unit. Theotherfeatures of the ultrasonic length 
measuring method are essentially the same as those of 

55 the ultrasonic length measuring apparatus. 

[0015] The present invention also provides a coordi- 
nate inputting apparatus of ultrasonic-wave-utilization- 
type having a decreased blind spot area and excellent 
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usability and portability. 

[0016] According to a fifth aspect of the present inven- 
tion there is provided a coordinate inputting apparatus 
comprising a pen transmitting an ultrasonic wave; and 
a receiver for receiving the ultrasonic wave transmitted 
from the pen having at least a pair of ultrasonic wave 
receivers and for inputting a coordinate position of the 
pen based on the propagation time periods of the ultra- 
sonic wave received respectively by each of the ultra- 
sonic wave receivers; wherein the receiver includes a 
plurality of ultrasonic wave receivers for receiving the 
ultrasonic wave transmitted from the pen; and a clip 
mechanism for pinching a corner of a predetermined 
sheet. According to this aspect, because the receiver 
can be arranged and fixed at a corner of the sheet of 
paper, the whole area of the sheet can be covered if the 
receiver has a directivity of ±45 degrees . Therefore, no 
blind spot is created, it is possible to make the configu- 
ration of the coordinate inputting apparatus smaller and 
the apparatus has a good usability and portability. As a 
result, the apparatus can be utilized as a portable appa- 
ratus. 

[0017] In addition, the coordinate inputting apparatus 
can have 

its clip mechanism fixed to a plate-shaped board 
mounted with a sheet of paper for writing down on with 
a dedicated pen. 

According to this embodiment, the receiver has been ar- 
ranged and fixed in advance at a corner of the board by 
the clip mechanism and, therefore, it is possibleto cover 
the whole area of the sheet when the receiver has a di- 
rectivity of ±45 degrees. As a result, no blind spot is cre- 
ated and the usability and portability of the writing im- 
plement are excellent because the board mounted with 
the sheet acts as a support for writing and the apparatus 
can be utilized as a portable apparatus. 
[0018] Furthermore, the coordinate inputting appara- 
tus has a pen having an infrared ray transmission unit 
for transmitting infrared ray pulses and the receiver can 
further comprise an infrared ray receiver for receiving 
the infrared ray pulses transmitted from an infrared ray 
transmitter as a synchronizing signal. According to the 
above, it is possible to transmit a synchronizing signal 
of infrared ray pulses to the receiver without connecting 
it by a wire. Furthermore, the coordinate inputting appa- 
ratus can have the feature that the sheet of paper is fixed 
at a position where the angle between a straight line 
connecting a plurality of the ultrasonic wave receivers 
and the upper (top) edge of the sheet of paper ranges 
from 30 to 60 degrees. Therefore, the apparent spacing 
between the ultrasonic wave receivers from the pen can 
be prevented from being small and the problem of deg- 
radation of the resolution can be avoided because the 
position to fix the receiver is arranged such that the an- 
gle between a straight line connecting a plurality of the 
ultrasonic wave receivers and the upper edge of the 
sheet of a paper ranges from 30 to 60 degrees. 
[001 9] The coordinate inputting apparatus can further 



comprise a flexible edge portion set at an angle of ap- 
proximately 90 degrees, which is formed by pressing a 
corner of the sheet to the pinching face against any of 
the sheet of theclip mechanism. Therefore, the arrange- 
5 ment angle of the receiver to the sheet is automatically 
arranged at a inclined position at 45 degrees with which 
the strongest directivity is obtained by inserting the 
sheet along the edge portion. 

[0020] According, a highly reliable coordinate input- 
10 ting apparatus is provided that can be prevented from 
malfunction caused by a collision sound (e.g. tapping or 
scratching noise) created by the dedicated pen and the 
sheet. 

Therefore, the coordinate inputting apparatus can have 

15 a configuration in which a synchronizing signal and a 
length measurement signal each having a propagation 
velocity different from that of the other are transmitted 
intermittently from the mover such as a dedicated pen, 
the propagation length to the different fixed positions of 

20 the length measurement signals is calculated from the 
difference of receiving timings and the position of the 
mover is calculated from the calculated propagation 
lengths and, in addition, the starting timing of transmis- 
sion of the intermittent length measurementsignal is de- 

25 layed for a predetermined time period. 

According to the above configuration, the collision 
sound created when the mover (pen) touches the con- 
tact plane (sheet) and this length measurement signal 
can be definitely distinguished even in the case where 

30 a sound wave such as an ultrasonic wave is used as the 
length measurement signal. That is, the collision sound 
is created and propagated without any temporal delay 
when the mover and the contact plane are contacted to 
each other but, in contrast, the length measurement sig- 

35 nal is propagated after it has been delayed for a prede- 
termined time period. Therefore, by eliminating the 
sound waves received at an unnaturally early timing 
from the applicable signals to position detection calcu- 
lation, the situation can be prevented in which an incor- 

40 rect position detection is conducted by applying the 
above collision sound mistakenly judged as a length 
measurement signal to the length detection calculation. 
[0021] The above and otherfeatures and advantages 
of the present invention will become more apparentfrom 

45 the following description made with reference, by way 
of example only, to the accompanying drawings in 
which: 

Fig. 1 illustrates the conventional waveform of an 
50 ultrasonic wave that attenuates with distance; 

Fig. 2 illustrates the variation in the rise of the wave- 
forms of ultrasonic waves generated by an ultrason- 
ic wave sensor madef rom ceramic and an ultrason- 
ic wave sensor made from a piezoelectric film; 
55 Fig. 3 illustrates a method for switching threshold 
values used for the timing detection in response to 
length by setting threshold values in both polarities; 
Fig. 4 illustrates a threshold value switching in re- 
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sponse to length corresponding to the waveform 
shown in Fig. 3; 

Fig. 5 illustrates a basic transmitter/receiver config- 
uration of embodiments of the invention; 
Fig. 6 illustrates a block diagram of an embodiment 5 
of the transmitter shown in Fig. 5; 
Figs . 7A and 73 illustrate a block diagram of an em- 
bodiment of the receiver shown in Fig. 5; 
Figs. 8A to 8D illustrate time-charts of a signal 
waveform in the operation of the receiver shown in 10 
Figs. 7 A and 7B; 

Fig. 9 illustrates the dispersion of the inclinations 
and timings of a waveform against the amplitude; 
Fig. 10A and 10B illustrate the relation of corre- 
spondence of the dispersion of crossing timings of 15 
the waveform against the waveform of an ultrasonic 
wave and the threshold value ; 
Fig. 11 illustrates the comparison of the crossing 
timings for the propagation time measurement of 
embodiments of the invention with the conventional 20 
crossing timing; 

Fig. 12 illustrates a block diagram of an embodi- 
ment of a receiver comprising two receiving sys- 
tems for measuring the two-dimensional coordinate 
position of a transmitter unit; 25 
Fig. 13 illustrates a block diagram of an embodi- 
ment of a receiver which obtains the arithmetic 
mean of a plurality of crossing timing time periods; 
Figs. 14Ato 14D illustrate the time-charts of signal 
waveforms in the operation of the receiver shown 30 
in Fig. 13; 

Fig. 15 illustrates a block diagram of an embodi- 
ment of a receiver that obtains the arithmetic mean 
of a plurality of the crossing timing time periods by 
setting threshold values in both polarities; 35 
Figs. 1 6A to 1 6F illustrate the time-chart of a signal 
waveform in the operation of the receiver shown in 
Fig. 15; 

Fig. 1 7 illustrates the overall configuration of an ex- 
ample coordinate inputting apparatus of the inven- 40 
tion; 

Figs. 18A and 18B illustrate an embodiment ar- 
rangement of the receiver; 
Figs. 1 9A to 1 9C illustrate an embodiment configu- 
ration of the receiver; 45 
Figs. 20A and 20B illustrate the procedure of pinch- 
ing of a sheet of paper by the receiver; 
Fig. 21 illustrates the arrangement of the ultrasonic 
wave receiver according to an embodiment; 
Fig. 22 illustrates the orientation of the ultrasonic 50 
wave receiver according to another embodiment; 
Figs. 23A and 23B illustrate embodiments of the ar- 
rangement and the direction of the ultrasonic wave 
receiver; 

Fig. 24 illustrates the direction in which the maximal 55 
sensitivity of the ultrasonic wave receiver can be ob- 
tained; 

Fig. 25 illustrates the characteristics of the result of 
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an experiment to obtain the relationship between 
length and error; 

Fig. 26 illustrates an example configuration of a 
dedicated pen; 

Fig. 27 illustrates the partial block diagram of a drive 
circuit unit; 

Figs. 28A and 28B illustrate other embodiments of 
a coordinate inputting apparatus of the invention; 
Fig. 29 illustrates a coordinate inputting apparatus 
having a separate receiver and clip; 
Fig. 30 illustrates a block diagram of the electric cir- 
cuit unit in the receiver; 

Figs. 31 A to 31 C illustrate the waveform of the ul- 
trasonic wave pulses received by the ultrasonic 
wave receiver; 

Fig. 32 illustrates a flow-chart of the process of a 
micro-controller and personal computer software; 
Fig. 33 illustrates the principle of a coordinate input- 
ting apparatus of embodiments of the invention; 
Fig. 34 illustrates a block diagram of the transmitter 
shown in Fig. 33; 

Figs. 35A to 35C illustrate a time-chart of transmis- 
sion of detection of hand-writing, synchronized sig- 
nal and the ultrasonic wave; 
Figs. 36A and 36B illustrate the problems caused 
by contact noise between a pen and a paper sheet; 
Fig. 37 illustrates a block diagram of an embodi- 
ment of the transmitter of the invention; 
Figs. 38A to 38C illustrate the operation of the 
above embodiment of the coordinate inputting ap- 
paratus shown in Fig. 37; 

Fig. 39 illustrates a flow-chart of the process oper- 
ation on the transmitting side constituting a further 
embodiment of the invention; 
Fig. 40 illustrates a flow-chart of the process oper- 
ation on the transmitting side constituting another 
embodiment of the invention; 
Fig. 41 illustrates a flow-chart of the process oper- 
ation on the receiving side constituting the above 
embodiment of the invention; 
Figs. 42A and 42B illustrate time-charts of a 
pen-ON signal and a pen-OFF signal; 
Fig. 43 illustrates a flow-chart of the process oper- 
ation on the receiving side constituting a further em- 
bodiment of the invention; and 
Figs. 44A and 44B illustrate a block diagram of the 
configuration of the receiving side constituting the 
embodiment of the invention of Fig. 43. 

[0022] The inventors already proposed a method in 
which an arriving time is detected with a high precision 
by setting threshold values in both polarities of the sym- 
metric detected waveform of the ultrasonic wave (Jap- 
anese Patent Application No. 2001-213565). 
[0023] This method uses ultrasonic wave sensors (re- 
ceiver) using a piezoelectric film, for example, such as 
PVDF These ultrasonic wave sensors have lower sen- 
sitivity compared to the ultrasonic wave sensors made 
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from common piezoelectric ceramic but have a charac- 
teristic that the rise time when receiving ultrasonic 
waves is sharp due to their small Q-values. 
[0024] Fig. 2 shows comparing a waveform 1100 of 
an ultrasonic wave obtained by an ultrasonic wave sen- 
sormadefrom piezoelectric ceramicto a waveform 11 08 
of an ultrasonic wave obtained by an ultrasonic wave 
sensor made from a piezoelectric film such as PVDF. In 
Fig. 2, a time T1 which the waveform 1 1 08 of an ultra- 
sonic wave detected by a piezoelectric film needs to ar- 
rive at the peak amplitude is an extremely short time 
compared to a time T2 which the waveform 1 1 00 of an 
ultrasonic wave detected by piezoelectric ceramic 
needs. Therefore, even in the case where the amplitude 
of the waveform is varied by the attenuation caused by 
length, the opportunities to mistake the wave crossing 
the threshold value are considerably decreased. In or- 
derto decrease the error, threshold values +V th , and -V th 
are provided on both of the positive and the negative 
side of the center of vibration as shown in Fig. 3 and 
each of them is used separately for the receiving timing 
detection. Denoting the first wave (peak or trough) as 
W1 . the second wave as W2. the third wave as W3 and 
so on counting from the start of vibration irrespective of 
polarity, a wave crossing the threshold value on the pos- 
itive side +V th , for example, is the first wave W1 when 
the length is short and it is the third wave W3 as shown 
in the figure when the length becomes longer and the 
amplitude becomes attenuated. Because a piezoelec- 
tric film sensor has a low Q-value and the difference of 
the amplitudes between adjacent waves is large, the 
wave to be crossed (to cross the threshold) can be 
known to some extent when the length is known and 
timing detection can not be mistaken. Certainly, the 
length forthe waves to be switched has a width because 
of the influence of noise. In addition, because the incli- 
nation of the point where the waveform crosses the 
threshold value becomes low, the resolution becomes 
extremely degraded immediately before the wave 
switches. 

Therefore, the measurement can be conducted with a 
high precision over the whole range of length by using 
the more stable timing among the timings obtained at 
the positive and the negative thresholds +V th and -V th . 
Therefore, as shown in Fig. 4, as the range of awave 
crossing the threshold value in response to a length L, 
a first wave crossing range 1 1 1 0 and a third wave cross- 
ing range 1114 are provided on the side of the positive 
threshold value +V th and a second wave crossing range 
1112 and a fourth wave crossing range 1116 are provid- 
ed on the side of the negative threshold value -V th . Then, 
for example, a threshold value switching length L th is 
provided inthemiddleof the overlapping area ofthesec- 
ond wave crossing range 1112 and the third wave cross- 
ing range 1114. It is good to obtain the crossing timing 
from the threshold value -V th on the negative side and 
the second wave crossing range 1112 created by the 
second wave W2 for the length shorter than the thresh- 



old value switching length L th , and to obtain the crossing 
timing from the threshold value +V th on the positive side 
and the third wave crossing range 1114 created by the 
third wave W3 for the length longer than the threshold 

5 value switching length L th . According to this method, a 
much higher resolution can be obtained than the one 
obtained in the method utilizing the envelope. 
However, because the crossing timing is obtained using 
a wave (a rising or falling portion) close to the start of 

10 vibration of a waveform of an ultrasonic wave that has 
the amplitude becoming gradually larger, a sufficient 
resolution can not be obtained forthe uses in which the 
length to be measured is several ten cm or less, requir- 
ing a very high resolution. 

15 [0025] Fig. 5 illustrates the basic configuration of an 
ultrasonic length measuring apparatus according to as- 
pects of the invention. The ultrasonic length measuring 
apparatus of Figure 5 comprises a transmitter 1 0 and a 
receiver 12. An ultrasonic wave is transmitted from the 

20 transmitter 1 0 and is received by the receiver 1 2 and the 
length L between the transmitter 1 0 and the receiver 1 2 
is measured based on the propagation time of the ultra- 
sonic wave. 

[0026] Fig. 6 illustrates a block diagram showing the 

25 details of the transmitter 1 0 shown in Fig. 5. The trans- 
mitter 1 0 comprises a timer 15, an LED drive circuit 16, 
an infrared LED 18, an ultrasonic wave drive circuit 22 
and an ultrasonic wave transmitter 24. The timer 1 5 out- 
puts a timer signal at a predetermined time interval op- 

30 erating the LED drive circuit 1 6 and the ultrasonic wave 
drive circuit 22 at the predetermined time interval. 
Therefore, an ultrasonic wave is transmitted from the ul- 
trasonic wave transmitter 24 as soon as an infrared ray 
pulse 20 is transmitted from the infrared LED 18. The 

35 infrared ray pulse 20 from the infrared LED 18 is used 
to notify the receiver 1 2 of the transmission time of the 
ultrasonic wave. Therefore, provided a signal arrives at 
the receiver 12 in a moment immediately after it has 
been transmitted, other means than an infrared ray, for 

40 example, a radio wave can be transmitted as the signal. 
Furthermore, if it is possible to connect the transmitter 
1 0 and the receiver 1 2 through a wire, it is possible to 
arrange that the transmission of the ultrasonic wave is 
notified by an electric signal through the wire. 

45 [0027] Figs. 7A and 7B are block diagrams showing 
the details of the receiver 1 2 in Fig. 5 and, in this receiver 
12, an ultrasonic length measurement processing of the 
received signals is conducted. The receiver 1 2 compris- 
es a timing detection unit 26 for detecting the receiving 

50 timing, time measuring unit 28 for measuring the time 
from a transmission of an ultrasonic wave to a receiving 
timing and a micro-controller 30 for obtaining a length 
based on the measured time. The timing detection unit 
26 is provided with an ultrasonic wave detection unit 32. 

55 The ultrasonic wave detection unit 32 comprises an ul- 
trasonic wave sensor 34, an amplification circuit 36 and 
a comparator 38 set with a threshold voltage V th1 . An 
ultrasonic wave sensor using a piezoelectric film such 
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as PVDF is used as the ultrasonic wave sensor and the 
Q-value of a receiving instrument constituted by this ul- 
trasonic wave sensor 34 using a piezoelectric film is ap- 
proximately 4. An ultrasonic wave received by the ultra- 
sonic wave sensor 34 is converted into an electric sig- 
nal, amplified in the amplification circuit 36 which out- 
puts to the comparator 36 a waveform of an ultrasonic 
wave as shown in Fig. 8A as a received signal E1 of an 
ultrasonic wave. The comparator 38 is preset with a 
threshold voltage V th1 at a predetermined level on the 
positive side as shown in Fig. 8 and outputs to a pulse 
selection logic circuit 40 a pulse signal E2 of Fig. 8B 
corresponding to the timing when a waveform of an ul- 
trasonic wave 55 crosses the threshold voltage V th1 . In 
this embodiment, the pulse selection logic circuit 40 out- 
puts a crossing timing signal E3 as shown in Fig. 8C at 
a timing of crossing point P3 of the rise of the third wave 
W3 on the positive side in the waveform of the ultrasonic 
wave, with the threshold voltage V th1 in the waveform 
of the ultrasonic wave shown in Fig. 8A. The time meas- 
urement unit 28 has an infrared ray detection unit 42. 
The infrared ray detection unit 42 is provided with an 
infrared ray detector 44, amplification circuit 45, a com- 
parator 46 set with an threshold voltage V th . 
The infrared ray detector 44 receives the infrared ray 
pulse 20 from the transmitter 10 shown in Fig. 6 and 
converts the received pulse 20 into an electric signal. 
Afterthe converted electric signal is amplified in the am- 
plification circuit 45. the comparator 46 outputs to a 
counter 48 a count reset signal E4 shown in Fig. 8D at 
the time of exceeding the threshold voltage V th . The 
count reset signal E4 from the comparator 46 is a timing 
signal indicating the start of transmission of an ultrason- 
ic wave. The counter 48 is reset when it has received 
the counter reset signal E4, i.e., is reset at the timing of 
the ultrasonic wave transmission, and starts counting of 
clocks from a clocksource 49. The output of the counter 
48 is provided to a latch 50. The latch 50 latches the 
value of the counter 48 when it receives the crossing 
timing signal E3 from the pulse selection logic circuit 40. 
Therefore, the propagation time of the ultrasonic wave 
from the start of the ultrasonic wave transmission by the 
count reset signal E4 to the crossing timing signal E3 
output at the pulse selection logic circuit 40 is latched 
at the latch 50 and is output to the micro-controller 30. 
The micro-controller 30 is provided with a function as a 
length measurement unit 52 and calculates the length 
between the transmitter 1 0 and the receiver 1 2 by mul- 
tiplying the ultrasonic wave propagation time retained in 
the latch 50 by the sonic velocity. 
[0028] Next, the operation of the receiver 12 shown 
in Figs. 7A and 7B will be described. When the infrared 
ray pulse 20 and the ultrasonic wave 1 4 are transmitted 
from the transmitter 10 shown in Fig. 6, in the receiver 
12 shown in Figs. 7A and 7B, the infrared ray pulse 20 
is first received and detected by the infrared ray detector 
44. The received infrared ray signal is amplified in the 
amplification circuit 45, is converted into pulses in the 



comparator 46 and resets the counter 48 as the count 
reset signal E4. Because the counter 48 always keeps 
counting the pulses of the clock source 49, the counter 
48 newly starts counting after it has been reset by the 

5 count reset signal E4. On the other hand, the ultrasonic 
wave received following the infrared ray pulse is proc- 
essed in the ultrasonic wave detection unit 32. That is, 
the ultrasonic wave is received and converted into an 
electric signal by the ultrasonic wave sensor 34 and am- 

10 plified by the amplification circuit 36. Then, the amplified 
signal is output as the pulse signal E2 constituted by a 
series of pulses shown in Fig. 8B by comparison with 
the threshold voltage Vth1 at the comparator 38. The 
pulse signal E2 from the comparator 38 is provided to 

15 the pulse selection logic circuit 40 and only one of the 
pulses is extracted such that the threshold crossing tim- 
ing is in vicinity of the maximal amplitude of the wave- 
form of the ultrasonic wave. In the embodiment shown 
in Figs. 7A and 7B, the maximal amplitude of the wave- 

2Q form of the ultrasonic wave in Fig. 8A is the fourth wave 
W4. However, the crossing timing signal E3 is output at 
the timing of the crossing point P3 of the rise of the third 
wave W3 that is one wave prior to the fourth wave W4. 
During this operation, the counter 48 continues a count- 

25 ing operation and the output of the counter 48 is provid- 
ed to the latch circuit 50. When the crossing timing signal 
E3 selected in the pulse selection logic circuit 40 is input 
to the latch circuit 50, the count data of the counter 48 
at that timing is retained. In the micro-controller 30, as 

30 shown in Fig. 8A, because it is previously known that 
the crossing timing signal E3 conducting the time meas- 
urement has a temporal shift corresponding to, in this 
case, X=2.5 wavelength, using this shift as an offset time 
T ofs , after correcting a time T1 detected from the cross- 
es ing timing signal E3, a calculation for converting the cor- 
rected timeTI by multiplying by the sonic velocity is con- 
ducted in the length measurement unit 52. 
[0029] Next, the principle for detecting the crossing 
timing for the time measurement for the waveform of an 

40 ultrasonic wave by the pulse selection logic circuit 40 
provided in the receiver 12 shown in Figs. 7A and 7B 
will be described. The resolution of the measurement of 
the propagation time based on the detection of the 
threshold value crossing timing of the waveform of a re- 

45 ceived ultrasonic wave depends on the inclination of the 
waveform of the ultrasonic wave crossing the threshold 
V th1 as shown in Fig. 9. Fig. 9 shows a waveform of an 
ultrasonic wave 58 having a large amplitude together 
with a waveform of an ultrasonic wave 60 having an am- 

50 plitude reduced by an attenuation. Assume that varia- 
tions occur depending on the voltage noise at the 
threshold crossing timing due to the presence of a volt- 
age noise AV on, for example, positive side of the 
threshold voltage Vth1 for the waveforms of the ultra- 

55 sonic waves 58 and 60. The dispersion of the timing for 
the voltage noise AV of the waveform of the ultrasonic 
wave 58 having a large amplitude is At1 and, on the oth- 
er hand, the dispersion of the timing for the voltage noise 
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AV of the waveform of the ultrasonic wave 60 having the 
reduced amplitude is larger being A t2. Therefore, the 
resolution of the propagation time measurement based 
on the crossing timing of the waveform of the ultrasonic 
wave with the threshold voltage V th1 depends on the in- 
clination ofthewaveform of the ultrasonic wavecrossing 
the threshold voltage V th1 . Because the inclination of the 
threshold crossing point becomes steeper as the ampli- 
tude becomes larger like the waveform of the ultrasonic 
wave 58, a higher temporal resolution can be obtained. 
[0030] Fig. 1 0A shows the extracted waveform of the 
ultrasonic wave 55 that is received and detected by the 
ultrasonic wave detection unit 32 using an ultrasonic 
sensor 34 made from a piezoelectric film shown in Figs. 
7A and 7B. Fig. 1 0B shows the characteristics 56 of the 
dispersion At of crossing timings of the waveform 
against the threshold. As shown in Fig. 1 0A, the wave- 
form of the ultrasonic wave 55 is constituted of a plurality 
of wave cycles, i.e. 1 waves and the waveform crosses 
the threshold voltage V th1 many times, however, the am- 
plitude of the waveform of the ultrasonic wave 55 be- 
comes gradually large. Approximating the waveform of 
the ultrasonic wave 55 as V (t) using a sine curve, it is 
obtained as the following equation where its amplitude 
is V and the frequency of the ultrasonic wave is f. 

v(t) = l/sin(27iff) 

[0031] Representing the phase of a crossing point as 
t1 , the inclination dv/dt in the vicinity of the phase of the 
crossing point t1 is obtained as follows. 

dv/dt =2% A/cos (2ti ft,) 

Therefore, it is seen that, as the amplitude V becomes 
larger, i.e., the inclination at the crossing point becomes 
steeper, the dispersion At of the timing for crossing the 
threshold value becomes gradually smaller as the char- 
acteristic 56 shown in Fig. 10B. Assuming that the 
threshold voltage V th1 is sufficiently small comparing to 
the amplitude, the inclination in the vicinity of the cross- 
ing point is in inverse proportion to the amplitude be- 
cause the phase of the crossing point approaches close- 
ly to zero. In addition, the threshold voltage V th1 is usu- 
ally set as low as possible such that it can be detected 
even in the case where the ultrasonic wave is attenuated 
due to a long length. Thus, it is understood that the 
threshold crossing timing at which the amplitude of the 
waveform of the received ultrasonic wave becomes 
maximal should be detected in order to improve the res- 
olution of the ultrasonic wave propagation time. In the 
case of the waveform of the ultrasonic wave 55 shown 
in Fig. 10A, it is the fourth wave W4 being the fourth 
vibration having the maximal amplitude and the minimal 
dispersion as shown in Fig. 10B. Therefore, as to the 
pulse selection logic circuit 40 shown in Fig. 7B, basi- 



cally, it is preferable to arrange the logic circuit 40 such 
that a fourth pulse in the pulse signal E2 output from the 
comparator 38 is extracted and output as a crossing tim- 
ing signal E3. In this case, the fourth wave W4 having 

5 the maximal amplitude does not alone have the minimal 
dispersion of crossing timings and the third wave W3 
and the fifth wave W5 respectively immediately before 
and after the fourth wave W4 also have amplitudes suf- 
ficiently close to the maximal amplitude and have suffi- 
ce ciently small dispersion. Thus, as to the pulse selection 
logic circuit 40 shown in Figs. 7A and 7B, it is possible 
to arrange the logic circuit 40 such that the logic circuit 
40 extracts the pulse signal of the third wave W3 or the 
pulse signal of the fifth wave W5 instead of extracting 

15 the signal of the fourth wave W4 having the maximal 
amplitude. Therefore, as to the pulse selection logic cir- 
cuit 40 in the embodiment shown in Figs. 7A and 7B, a 
pulse signal corresponding to the third wave W3 that is 
one wavelength before the fourth wave W4 having the 

20 maximal amplitude is extracted as a crossing timing sig- 
nal E4. In this way, it is preferable to receive previously 
the waveform of an ultrasonic wave at the design stage 
of the apparatus, to check which of threshold crossing 
points on the waveform of the ultrasonic wave corre- 

25 sponds to the crossing point with the maximal amplitude 
and to arrange the pulse selection logic circuit 40 shown 
in Figs. 7A and 7B such that the logic circuit 40 selects 
the pulse signal corresponding to, for example, the third 
wave W3 based on the result of the check. In addition, 

30 because a waveform of an ultrasonic wave is attenuated 
analogously maintaining its shape even when it is atten- 
uated, the vibration having the maximal amplitude does 
not differ from the vibration previously checked. On the 
other hand, the number of vibrations until the waveform 

35 of the ultrasonic wave 55 shown in Fig. 1 0A reaches the 
maximal amplitude approximately equals the Q-value at 
the ultrasonic wave receiving instrument. For example, 
because the Q-value is approximately 4 in the receiving 
system using a piezoelectric film for the ultrasonic sen- 

40 sor 34 shown in Figs. 7A and 7B, the fourth vibration 
has the maximal amplitude as shown in Fig. 1 0A. There- 
fore, it is possible to set the number of crossings n for 
outputting the crossing timing signal based on the Q- 
value of the ultrasonic wave receiving instrument. That 

45 is, when the pulse selection logic circuit 40 shown in 
Figs. 7A and 7B is arranged to extract the n=Qth or 
N=Q±1th wave, obtaining the number of crossings n for 
selecting a crossing timing signal gives the same result 
as in the case of extracting the pulse corresponding to 

50 the maximal amplitude or that pulse done (1 ) pulse. 
[0032] Fig. 11 A shows comparing the case of detect- 
ing a conventional timing 62 crossing first and the case 
of detecting at the timing 64 of the rise of the third wave 
W3 in the embodiment shown in Figs. 7A and 7B in 

55 terms of the pulse signal E2 output from the comparator 
38 having a threshold voltage set at V th1 against the 
waveform of the ultrasonic wave 55 received and de- 
tected according to this embodiment. Timings 66 detect- 
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ed consecutively from the third wave W3 will be de- 
scribed later. Conventionally, the amplitude of the timing 
62 crossing first that is used for detecting is approxi- 
mately 20-50% of the maximal amplitude depending on 
the Q-valueof the receiving and detecting instrument. 
Therefore, when not using the timing 62 of the first 
crossing point but using the crossing point with the vi- 
bration having the maximal amplitude, the resolution in 
the propagation time measurement can be improved be- 
cause an amplitude two to five times as large as the con- 
ventional amplitude is used. In the embodiment shown 
in Figs. 7A and 7B, the propagation time is measured 
with the timing 64 of the third wave W3. When the prop- 
agation time is obtained at the timing 64 of the crossing 
point of the third wave W3, compared to the case where 
it is obtained at the timing 62 of the first crossing point, 
the dispersion of the crossing timings is reduced to one 
third (1/3) and the resolution of the propagation time 
measurement can be improved to that extent. It seems 
to be possible to set the threshold value to first cross 
the vibration having the maximal amplitude applying a 
circuit such as a peak-hold circuit to the waveform of the 
ultrasonic wave 55. However, because the crossing 
phase becomes larger as the threshold value is raised 
higher, the inclination of the waveform becomes mild 
and the dispersion can not be reduced. Therefore, this 
approach is not appropriate. 

[0033] Fig. 1 2 shows a block diagram of another em- 
bodiment of a receiver according to the invention com- 
prising two systems of ultrasonic wave receiving sys- 
tems for measuring the two-dimensional coordinate po- 
sitions of a transmission unit. The receiver 1 2 comprises 
two systems of timing detection units 26-1 and 26-2 
comprising respectively ultrasonic wave detection units 
32-1 and 32-2 and pulse selection logic circuits 40-1 and 
40-2. Each of these ultrasonic wave detection unit 32-1 
and 32-2 and pulseselection logic circuits 40-1 and 40-2 
are same as the ultrasonic wave detection unit 32 and 
the pulse selection logic circuit 40. Furthermore, a time 
measurement unit 28 is also provided and the time 
measurement unit 28 comprises two systems of latch 
circuit 50-1 and 50-2 in addition to the infrared ray de- 
tection unit 42, the counter 48 and the clock source 49. 
The infrared ray detection unit 42 is also the same as 
the one of the embodiment shown in Figs. 7A and 7B. 
The infrared ray detection unit 42 receives the infrared 
ray pulse 20 from the transmitter 10, outputs the counter 
reset signal E4 and resets the counter 48 at the timing 
of the start of an ultrasonic wave transmission. Further- 
more, the micro-controller 30 is provided with a coordi- 
nate measurement unit 68 in addition to the length 
measurement unit 52. In the embodiment shown in Fig. 
12, for example the receiver 12 is arranged fixedly and, 
in contrast, the transmitter is provided movably. The 
transmitter 1 0 transmits repeatedly the ultrasonic wave 
1 4 and the infrared ray pulse 20 at a predetermined time 
interval. Therefore, the ultrasonic wave detector32-1 re- 
ceives an ultrasonic wave after a time corresponding to 



a length L1 between the transmitter 10 and it. On the 
other hand, the ultrasonic wave detection unit 32-2 re- 
ceives and detects an ultrasonic wave after the time cor- 
responding to a length L2. The pulse selection logic cir- 

5 cuits 40-1 and 40-2 extract a pulse signal indicating the 
crossing timing of the threshold voltage Vth1 with the 
third wave of the waveform of the ultrasonic wave 55 as 
shown in Fig. 8A-8D and output the pulse signal to the 
latch circuits 50-1 and 50-2 as crossing timing signals 

10 E31 and E32. On the other hand, the pulse signal E4 is 
output indicating the start of the transmission of the ul- 
trasonic wave based on the receiving of the infrared ray 
pulse 20 from the infrared ray detection unit 42 and re- 
sets the counter 48. Therefore, time passed from the 

15 transmission of the ultrasonic wave is being counted 
with the clock counts from the clock source 49. Thus , 
the count values at the counter 48 at the time when the 
crossing timingsignals E31 and E32 are output from the 
pulse selection logic circuits 40-1 and 40-2, i.e., the time 

20 periods passed from the transmission of the ultrasonic 
wave are retained in the latch circuits 50-1 and 50-2 in 
response to each of their respective crossing timings. In 
the micro-controller 30, an offset correction according 
to a wave number of the crossing timings predetermined 

25 at the length measurement unit 52 is conducted and, 
then, the sound velocity is multiplied to measure each 
of the lengths L1 , L2 of the ultrasonic wave detection 
unit 32-1 and 32-2 to the transmitter 1 0. The coordinate 
measurement unit 68 conducts triangulation calculation 

30 based on the measured length L1 and L2 from the length 
measurement unit 52 because the spacing between the 
ultrasonic wave detection units 32-1 and 32-2 in the re- 
ceiver 1 2 is fixedly determined and a relative two-dimen- 
sional coordinate position of the transmitter 10 to the 

35 receiver 12 is obtained. 

This embodiment shown in Fig. 1 2 can be utilized as an 
inputting tool for characters and figures by measuring 
the movement of a hand (or pen) in real time at the re- 
ceiver 12 as information on the two-dimensional posi- 

40 tions and by inputting measured coordinate positions to 
a portable terminal or a personal computer etc. when, 
for example, the receiver 12 is fixedly provided on a 
board on which a sheet is fixed and the transmitter 10 
is provided to a pen for handwriting on the sheet fixed 

45 on the board and characters and figures are written or 
drawn on the sheet using the pen provided with the 
transmitter 10. 

[0034] Fig. 1 3 shows a block diagram of another em- 
bodiment of a receiver according to the invention for 

50 measuring a length by obtaining an arithmetic mean of 
a plurality of the crossing timing time periods in the vi- 
cinity of the waveform of an ultrasonic wave having the 
maximal amplitude. The receiver 1 2 comprises the tim- 
ing detection unit 26, the time measurement unit 28 and 

55 the micro-controller 30. The ultrasonic wave detection 
unit 32 of the timing detection unit 26 and the infrared 
ray detection unit 42 of the time measurement unit 28 
have same configurations as in the embodiment shown 
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in Figs. 7 A and 7B. A pulse selection logic circuit 70 ex- 
tracts a predetermined number of pulses in the vicinity 
of the maximal amplitude from the pulse signal E2 con- 
stituted by a series of pulses output from a comparator 
provided to the ultrasonic wave detection unit 32 and 
outputs them to an adder 72 as a crossing timing signal 
E5. Fig. 14A shows the pulse signal E2 output from the 
ultrasonic wave detection unit 32 as a series of pulses. 
Receiving this series of pulses, the pulse selection logic 
circuit 70 outputs a crossing timing signal E5 that com- 
prises four consecutive pulses extracted from the third 
pulse corresponding to the third wave W3 of the wave- 
form of the ultrasonic wave. The pulse selection logic 
circuit 70 outputs a pulse signal E6 to a divider 74 as a 
dividing control signal at the timing when the four pulses 
from the third pulse (W3) have been extracted. The 
counter 48 is reset by the counter reset signal E4 that 
has detected the transmission of the ultrasonic wave 
from the infrared ray detection unit 42 and, at the same 
time, the adder 72 provided on the side of the time meas- 
urement unit 28 is reset when the adder 72 receives the 
same counter reset signal E4 as a adder reset signal 
E4. The adder 72, every time it receives each pulse sig- 
nal of the crossing timing signal E5 shown in Fig. 14B 
from thepulse selection logic circuit 70, retainsthecount 
value of the counter 48 at the timing of the rise of this 
pulse signal and conducts an adding operation for add- 
ing the count value with the value the adder 72 already 
retains. In this adding operation, the counter values cor- 
responding to the time periods T1 , T2, T3 and T4 from 
the rise of the pulse signal E4 indicating the start of 
transmitting the ultrasonic wave shown in Fig. 14D to 
the rise of the four pulse signals in the crossing timing 
signal E5 shown in Fig. 14B are added in this order. 
When four adding operations using each pulse in the 
crossing timing signal E5 from the pulse selection logic 
circuit 70 are finished, a pulse signal E6 shown in Fig. 
1 4C is output from the pulse selection logic circuit 70 to 
the divider 74 as a dividing control signal. At the same 
time, a calculated mean of the added account values 
corresponding to the added time periods 
(T1+T2+T3+T4) output from the adder 72, i.e., a time T 
obtained by obtaining an arithmetic mean from calculat- 
ing (T1+T2+T3+T4)/4 is output to the micro-controller 
30. After an offset correction according to the mean tim- 
ing of the four pulses in the pulse selection logic circuit 
70 is conducted by the length measurement unit 52 ; the 
micro-controller 30 multiplies the time T with the sound 
velocity and the length L to the transmitter 10 is ob- 
tained. 

[0035] In the embodiment shown in Fig. 13, a plurality 
of pulses are selected unlike in the embodiment shown 
in Figs. 7A and 7B. It seems that the dispersion of the 
result becomes smaller as the number of pulses be- 
comes large, however, the dispersion becomes yet larg- 
er when only the timings with small dispersion are not 
added. That is, the dispersion of the timing crossing with 
the threshold of a waveform of an ultrasonic wave is in 



inverse proportion to the amplitude of a vibration giving 
an approximate crossing point. Therefore, denoting the 
dispersion of crossing timing on the maximal amplitude 
V as At, the dispersion of timing of the crossing point at 
5 a vibration having an amplitude aV (ais an attenuation 
rate and a<1 ) is At/a. Then, the dispersion A of the result 
obtained as an arithmetic mean of the maximal ampli- 
tude V and the amplitude aV is as follows. 

10 2 

A = (VAt 2 + (At/a) )/2= (V1+1/a 2 At)/2 

When this A is larger than the dispersion A t of the cross- 
ing timing with the maximal ampliludeA/, the adding does 

*s not make sense. Therefore, (7l+1/a 2 )/2 should be <1 
and it is understood that an amplitude of <x=1/V 3 ^ap- 
proximately 0.57) or larger is necessary. Similarly, when 
the total of n timings at the vibration having attenuation 
rates <x1 , oc2, a 3, ...are added to the timing at the max- 

20 imal amplitude, 1 -i- 1 /oc-, 2 -h 1 /cx 2 2 -i- 1 /oc 3 2 + . . . should be <n2. 
Assuming the amplitude except for the one for the vibra- 
tion having the maximal amplitude are all same, 

25 a>1/Vn+1 

is obtained from 1+ (n-1)/a 2 <n 2 . Because, for example, 
when n=3, a>0.5, the effect of the arithmetic mean can 
be obtained by adding two crossing points of a vibration 

30 larger than the half of the maximal amplitude to the 
crossing timing of the maximal amplitude. Referring to, 
for example, the waveform of the ultrasonic wave 55 
shown in Fig. 1 0A ; the dispersion of approximately nine 
crossing points at rises and fall-downs from the third 

35 crossing point at the rise of the third wave W3 is small 
as in the characteristics shown in Fig. 10B. This is be- 
cause each vibration with a respective crossing point is 
approximately 80-90% of the maximal amplitude. When 
the arithmetic mean of the time periods obtained at the 

40 timing of crossing points in the range is obtained, that 
is, as shown in Fig. 1 1 B, compared to the timing 64 on 
the third wave, when an arithmetic mean of the time of 
the consecutive crossing points on the nine rises and 
fall-downs from the third wave at the timings 66 is ob- 

45 tained, an effect of reducing the dispersion to approxi- 
mately one third (1/3) (=1/V9) is obtained compared to 
that of the single crossing point at the timing 64. 
[0036] Fig. 1 5 shows a block diagram of another em- 
bodiment of the receiver 12 according to the invention 

50 in which an arithmetic mean of a plurality of crossing 
timing times is obtained by setting a threshold value on 
each of both polarities for the waveform of an ultrasonic 
wave. The receiver 12 comprises the timing detection 
unit 26, time measurement unit 28 and the micro-con- 

55 trailer 30. The timing detection unit 26 is provided with 
the ultrasonic sensor 34 and the amplification circuit 36 
followed by a comparator 38-1 set with the threshold 
voltage +V th1 and a comparator 38-2 set with the thresh- 
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old voltage -V th2 . The threshold voltages for the compa- 
rators 38-1 and 38-2 are set on both of the positive side 
and the negative side relative to zero voltage that is the 
center of the waveform of the ultrasonic wave as shown 
in Fig. 1 6A. The comparator 38-1 outputs a pulse signal 
E7 constituted by a series of pulses corresponding to 
the threshold value crossing points on the positive side 
of the waveform of the ultrasonic wave by the threshold 
voltage +V th1 . The comparator 38-2 outputs a pulse sig- 
nal E8 constituted by a series of pulses corresponding 
to the crossing points of the threshold voltage -V th2 on 
the negative side of the waveform of the ultrasonic 
wave. The pulse signal E7 and E8 constituted by series 
of pulses from the comparators 38-1 and 38-2 are as 
shown in Fig. 16B and 16C. From the pulse signal E7 
constituted by a series of pulses output from the com- 
parator 38-1, the pulse selection logic circuit 40-1 ex- 
tracts pulses corresponding to the crossing timings of 
consecutive eight rises and fall-downs from the rise of 
the third wave on the positive side of the waveform of 
the ultrasonic wave shown in Fig. 16Aand outputs them 
to the adder 72 as a crossing timing signal E9. The pulse 
selection logic 40-2 outputs to the adder 72 a crossing 
timing signal E10 constituted by the extracted pulses 
having the consecutive eight rises and fall-downs tim- 
ings from the crossing point of the threshold voltage 
-V th2 of the third wave 3' on the negative side shown in 
Fig. 16A. The infrared ray detection unit 42 provided in 
the time measurement unit 28 has the same configura- 
tion as that of the embodiment shown in Fig 7A, B. The 
unit 42 receives the infrared ray pulse 20 and outputs 
the count reset signal E4 corresponding to the transmis- 
sion timing of the ultrasonic wave . The signal E4 is also 
applied to the adder 72 as the adder reset signal E4. 
The adder 72 latches the count value of the counter 48 
at each timing of rises and fall-downs in the consecutive 
pulse of crossing timing signals E9 and E1 0 output from 
the pulse selection logic circuits 40-1 and 40-2 and adds 
the latched value with the value the adder 72 already 
retains. More specifically, denoting the time from a rise 
time to of the count reset E4 indicating the transmission 
of the ultrasonic wave shown in Fig. 16F, to rises and 
fall-downs of the pulse signals extracted as the crossing 
timing signals E9 and E10 shown in Fig. 16D and 16E 
as T1 , T2, T16, the adder 72 calculates the time of 
(T1-I-T2+T3+--+T16) using the count value of counter 
48 of each timing. In addition, the pulse selection logic 
circuit 40-2 outputs a pulse signal E1 1 to the divider 74 
at the timing afterthe adding up to 16 times of the thresh- 
old value crossing points on the both sides of polarity is 
finished. Therefore, the divider 74 obtains the temporal 
average calculated as (T1+T2++T3+--+T16)/16 and 
outputs the result to the micro-controller 30 in which the 
result is offset-corrected by the length measurement 
unit 52 and multiplied by the sound velocity and the 
length from the transmitter is obtained. 
[0037] At this moment, in the adder 72 of the embod- 
imentshown in Fig. 15, adding operation is continuously 



conducted for the rises and fall-downs timings of the 
pulse signals E9 and E1 0 obtained from the two thresh- 
old voltages +V th i and -V th2 set on the both sides of po- 
larity for addition control. However, depending on the 

5 settings of the threshold voltages +V th1 and -V th2 , the 
timings of the rises and fall-downs of the pulses to be 
added becomes very close to each other and may over- 
lap. Therefore, it is possible that an adder is provided 
respectively for the pulse selection logic circuits 40-1 

10 and 40-2 and adding is conducted separately for each 
threshold value, then, the results of each adding are 
added by an adder provided additionally followed by a 
division calculation conducted by the divider 74. 
[0038] As to the adder 72 and the divider 74 provided 

15 in the embodimentsshown in Fig. 13 and Fig. 15, in 
which an arithmetic mean of a plurality of crossing timing 
time is obtained, it is possible to achieve the calculation 
by the program processing of the micro-controller 30 
without providing them as calculation circuits on the side 

20 of the time measurement unit 28. 

[0039] As described above. In embodiments of the in- 
vention, the resolution of the propagation time measure- 
ment can be considerably improved and a high precision 
length measurement can be realized with a simple cir- 

25 cuit configuration by obtaining the propagation time by 
detecting the crossing timings at the crossing points on 
waves having large amplitudes and steep inclination of 
the waveform, i.e., the waves having the maximal am- 
plitude or the wave by one wave immediately before or 

30 after that wave, as the timing crossing the threshold val- 
ue of the wavef o rm of th e u Itrason ic wave received . Fu r- 
thermore, the resolution of the propagation time meas- 
urement can be further improved and the length meas- 
urement precision can be considerably improved by ob- 

35 taining the length from the arithmetic mean of times of 
crossing timings consecutively following by a predeter- 
mined number from the maximal amplitude where the 
inclination of the waveform of the ultrasonic wave cross- 
ing the threshold value becomes steep or the amplitude 

40 immediately before or after the maximal amplitude. 
[0040] In the above embodiment, as shown in Fig. 5, 
a configuration in which the transmitter 10 and the re- 
ceiver 12 is separated and arranged facing each other 
is taken as an example. However, as another embodi- 

45 ment, an embodiment in which the transmitter 10 and 
the receiver 1 2 is integrated and the length to be meas- 
ured to the item is measured by measuring the time in 
which an ultrasonic wave is reflected by the item to be 
measured and returns can be also available. 

so [0041] In relation to the embodiment as shown in Fig. 
12 in which two systems of ultrasonic wave receiving 
instruments are provided to the transmitter 1 4 and two- 
dimensional coordinate positions of the transmitter are 
measured by triangulation, it is possible that, in the em- 

55 bodiment shown in Fig. 13 and Fig. 15, two sets of ul- 
trasonic wave receiving instruments are also provided, 
the two lengths L1 and L2 from the transmitter 10 are 
measured and the two-dimensional coordinate posi- 
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tions of the transmitter 1 0 are measured by the coordi- 
nate measurement unit 68 on the side of the micro-con- 
troller 30. 

(Coordinate Inputting Apparatus) 

[0042] In Fig. 17, a coordinate inputting apparatus 

1 00 embodying the invention comprises a receiver 1 01 
having, as shown in Fig. 19B. two ultrasonic wave re- 
ceivers 304-1 and 304-2 and an infrared ray receiver 
305, and a dedicated pen as a writing tool, and it is nec- 
essary to connect a connecting cable 1 03 of the receiver 

1 01 with a USB port of a personal computer etc. to use 
the apparatus 1 00. In the case of the coordinate input- 
ting apparatus 100, when characters and figures are 
handwritten on a sheet 105 by the dedicated pen 102, 
the traces are input to a computer as data and it can be 
used as character data and figure data. 

[0043] Fig. 1 8A and 1 8B illustrate an example of the 
arrangement of the receiver 1 01 . This arrangement has 
the distinctive feature that the receiver 101 can be ar- 
ranged on a corner of the sheet to eliminate any blind 
spot from the built-in ultrasonic receiver by composing 
the receiver 101 compactly. That is, the receiver 101 is 
positioned on a upper corner either on the left or right 
on the sheet face as its position and it is preferable that 
the receiver 1 01 is positioned on the upper-right corner 
as shown in Fig. 1 8A when the user is right-handed. This 
is for preventing any interruption of ultrasonic waves and 
the infrared rayssent out from the pen with user's left 
hand when the left hand holds the sheet. In contrast, for 
a left-handed user, the receiver 1 01 is positioned on the 
upper-left corner, as shown in Fig. 1 8B, while using the 
apparatus. Now, the characteristics of this embodiment 
will be mainly described. 

[0044] As shown in Fig. 1 9A to 1 9C, the receiver 1 01 
has a housing of a so- called clip type having a thick 
main body 302 and thin base 303. At predetermined po- 
sitions of the main body 302, two (2) ultrasonic wave 
receivers 304-1 and 304-2 separated from each other 
and one infrared ray receiver 305 positioned approxi- 
mately in the middle of the ultrasonic wave receivers 
304-1 and 304-2 are respectively mounted. Among 
these, the ultrasonic wave receiver 304 are constituted 
of a tube-shaped piezoelectric film made from polyvi- 
nylidene fluoride. The base end side of the main body 
302 and base 303 is axially supported by a shaft (rod) 
306 and pushed to the direction for closing by a built-in 
spring (not shown) . Therefore, the main body 302 and 
the base 303 can be opened and closed as shown in 
Fig. 20A centering the shaft 306 and can pinch the sheet 
at a predetermined position as well as holding as shown 
in Fig. 20B Furthermore, the receiver 101 having the 
above shape is positioned and fixed at a corner of the 
sheet. 

[0045] It has been found out that blind spots for the 
ultrasonic wave receivers 304-1 and 304-2 and the in- 
frared ray and ultrasonic wave receiver 305 are created 



or their apparent spacing becomes narrower when re- 
ceiver 101 is positioned approximately in parallel with 
the sheet 105. Therefore, as shown in Fig. 21, the po- 
sition to fix the receiver 1 01 provided with the ultrasonic 

5 wave receiver 304-1 and 304-2 is such that the receiver 
1 01 is positioned and fixed being inclined such that the 
angle a formed by a line connecting the two ultrasonic 
wave receiversand the upper edge of the sheet 105 is 
30-60 degrees. That is, as specifically shown in Fig. 

10 23A, in the case of the ultrasonic wave receivers 304-1 
and 304-2 shown in Fig. 21 , the manner in which the 
two ultrasonic wave receivers 304-1 and 304-2 are ar- 
ranged is limited to those in which the angle a formed 
by the line connecting the two ultrasonic wave receivers 

15 304-1 and 304-2 and the upper edge of the sheet is 
30-60 degrees. In this case, the direction itself of the 
ultrasonic wave receiver 304 is not specially considered. 
[0046] As shown in Fig. 22, it is suitable in terms of 
directionality that the two ultrasonic wave receivers 

20 304-1 and 304-2 are fixed such that the orientation of 
the two ultrasonic wave receivers 304-1 and 304-2 
forms an angle (3 of 30-60 degrees to the upper edge of 
the sheet 105, which direction (perpendicular to the line 
W) gives the ultrasonic receiver 304 the strongest sen- 

25 sitivity. 

[0047] That is, as specifically shown in Fig. 23B, in 
the case of the ultrasonic wave receivers 304-1 and 
304-2 shown in Fig. 22, the direction of each of the two 
ultrasonic wave receivers 304-1 and 304-2 is limited to 

30 the arrangement in which each direction forms an angle 
of 30-60 degrees to the upper edge of the sheet, which 
angle gives the strongest sensitivity to each of the ultra- 
sonic wave receivers 304-1 and 304-2. Here, the ar- 
rangement with respect to angle ~ of the ultrasonic 

35 wave receivers 304-1 and 304-2 is not especially con- 
sidered. 

[0048] In addition, as in Fig. 24, more preferably, the 
angle formed by the line connecting the two ultrasonic 
wave receivers 304-1 and 304-2 and the upper edge of 

40 the sheet is 45 degrees and the angle formed by the line 
connecting the two ultrasonic wave receivers 304-1 and 
304-2 and the direction in which most strongest sensi- 
tivity is given is 90 degrees, i.e., the angle formed by the 
direction and the upper edge of the sheet is fixed to be 

45 45 degrees. In order to achieve this, as shown in the 
inside view of the base 303 shown by cutting apart the 
main body 302 in Fig. 19A, an edge portion 307 is 
formed set in an angle of approximately 90 degrees (in- 
clined portion) on the surface of the base 303 constitut- 

50 ing the receiver 101 . Therefore, when a corner of the 
sheet 1 05 is fixed by the receiver 1 01 , the angle of ar- 
rangement of the receiver 101 to the sheet 1 05 can be 
arranged at an inclined position of 45 degrees which 
gives the strongest directionality by inserting the sheet 

55 1 05 along the edge portion 307. In this embodiment, the 
forming position of the edge portion 307 is on the side 
of base 303. However, the arrangement angle of the re- 
ceiver 1 01 can be arranged in an inclined position of 45 
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degrees in which the strongest directionality is given 
even when this edge portion 307 is formed on the side 
of the main body 302. 

[0049] In this way, these embodiments have the fea- 
ture that the arrangement position of the receiver 1 01 is 
arranged to be on a corner of the sheet 1 05 in order to 
eliminate any blind spots and allow narrowing of the ap- 
parent spacing of the two ultrasonic wave receivers 
304-1 and 304-2 provided in the receiver 1 01 . It is nec- 
essary to narrow the spacing W of the two ultrasonic 
wave receivers 304-1 and 304-2 and make compact and 
down-size the receiver 101 itself in order to arrange the 
receiver 101 on a corner of the sheet 1 05 as described 
above. A sufficient resolution can be obtained when the 
spacing W of the ultrasonic receivers is wide, however, 
the reason of above arrangement is to solve the prob- 
lems that, in contrast, blind spots are created and the 
apparatus becomes large. That is, the dispersion of 
length measurements by an ultrasonic wave attributed 
to the fluctuation of the temperature of the air in which 
the ultrasonic wave propagates and the noise produced 
by the sensor and the amplifier in the ultrasonic wave 
receiver as causes, becomes larger in proportion to the 
length L which is the spacing between the ultrasonic 
wave receivers 304-1 and 304-2 and the pen point (the 
writing position by the dedicated pen 102). 
Furthermore , it has been found out that the dispersion 
e of the coordinate obtained from the triangulation is in 
proportion to the length L and in inverse proportion to 
the spacing W between the two ultrasonic wave receiv- 
ers 304-1 and 304-2. 

Therefore, the inventors conducted an experiment as 
shown in Fig. 25 to obtain the relation between the 
length and the error in order to obtain the spacing W 
between the ultrasonic wave receivers that can maintain 
the necessary resolution and that has as small as pos- 
sible a selected value. In this experiment, the spacing 
W between the ultrasonic wave receivers is selected as 
25 mm and the relation between the length and the co- 
ordinate dispersion is obtained experimentally. More 
specifically, an experiment is conducted to verify to what 
extent the dispersion of measured length is produced 
when the dedicated pen 1 02 is gradually separated far- 
ther from the ultrasonic wave receivers 304-1 and 
304-2. In Fig. 25, the axis of abscissas represents the 
value of the actual length (mm), the ordinate axis repre- 
sents the error (mm) , the black dots denote the meas- 
ured length obtained by the ultrasonic receiver and the 
graph shows the transition by the calculated value cal- 
culated from the formula, respectively. From this meas- 
ured result, the coordinate dispersion e for the triangu- 
lation can be calculated as an approximate using the 
following formula. 

e = 0.0002L 2 /W 
Then, when the size of the sheet used (the length of the 



diagonal of the sheet) and the required resolution are 
determined by tracing back from the above formula, the 
necessary and the minimal spacing W of the ultrasonic 
wave receivers can be obtained. That is, in the case 

5 where the receiver 1 01 is fixed on a corner of the sheet, 
the length of the diagonal is the most separated length 
and this length is the length in which the ultrasonic wave 
receiver 304 and the pen point are most separated. In 
addition, because the resolution of ±0.1-1 mm is neces- 

10 sary in the case of usual handwriting, denoting the 
length of the diagonal as P (the length L to the position 
of the pen point of the dedicated pen is substituted by 
P), the spacing W between the ultrasonic wave receiv- 
ers can be obtained from the following formula. 

15 

W= 0.0002P 2 to0.002P 2 

Based on this formula, in this embodiment of the inven- 
tion, denoting the length of the diagonal of the sheet as 
P, the set value of the arrangement spacing W between 
the two ultrasonic wave receivers 304-1 and 304-2 is 
set such that the spacing W is largerthan 0.0002P 2 and 
smaller than 0.002P 2 . When the receiver 101 is com- 
posed arranging the ultrasonic wave receivers 304-1 
and 304-2 based on the spacing W between the ultra- 
sonic wave receivers set as above, it is possible to 
down-size the receiver 1 01 and to arrange this receiver 
101 on a corner where the receiver obtains the strongest 
directionality. In Fig. 20, the receiver 101 according to 
this embodiment is constructed as a freely fixable unit 
for pinching a corner of the sheet comprising the main 
body 302 having a pair of the ultrasonic wave receivers 
304-1 and 304-2 and the infrared ray (and ultrasonic 
wave) receiver 305 and the base 303 axially supported 
at the base edge portion of the main body as well. It is 
arranged such that the fixing position of the receiver 1 01 
against the sheet is set at a position with which the angle 
formed by the line connecting the pair of the ultrasonic 
wave receivers 304-1 and 304-2 and the upper edge of 
the sheet is in the range of 30 to 60 degrees. Therefore, 
no blind spots are created for the ultrasonic wave re- 
ceivers 304-1 and 304-2 and the apparent spacing be- 
tween these ultrasonic wave receivers 304-1 and 304-2 
is not narrowed. 

Furthermore, the down-sizing of the configuration of the 
apparatus is possible because of the above. Then, the 
usability and portability of the apparatus become excel- 
lent and the apparatus can be used as a portable appa- 
ratus. 

[0050] The configuration of the dedicated pen and 
embodiments thereof will be described referring to Fig. 
26. The dedicated pen 1 02 is equipped with a ball-point 
pen ink tube 702 at its tip and a contact detection switch 
703 is provided inside it for detecting the contact of the 
ball-point pen ink tube 702 and the writing face of the 
sheet. A tube-shaped ultrasonic transmitter 704 and an 
infrared ray transmitter 705 are provided at the tip side 
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of the dedicated pen 1 02. Among these, the ultrasonic 
wave transmitter 704 is constituted of a piezoelectric film 
made from polyvinylidene fluoride (PVDF). This piezo- 
electric film has a function for vibrating itself to generate 
ultrasonic waves when it is applied with a voltage. The 
shape of the ultrasonic wave transmitter 704 is a tube- 
like shape that can have the directionality of 360 de- 
grees for ultrasonic waves. Therefore, the ultrasonic 
wave transmitter 704 can deliver ultrasonic wave pulses 
it has transmitted, to the ultrasonic wave receiver 304 
accurately even when the pen 1 02 rotates while writing. 
As to the infrared ray transmitter 705, it can deliver the 
infrared ray it has transmitted, to the ultrasonic wave re- 
ceiver 304 accurately also even when the dedicated pen 
1 02 rotates while writing because three of the transmit- 
ters 705 having a directionality of 120 degrees each are 
arranged uniformly. 708 denotes a drive circuit unit and 
the drive circuit unit 708 is driven by an AAA battery 709. 
More specifically, when writing is conducted manually, 
the contact detection switch 703 becomes ON only 
when the tip of the dedicated pen 1 02 contacts the face 
for writing of the sheet and the ultrasonic wave and the 
infrared ray are transmitted. In this manner, saving of 
power is promoted by preventing the transmission of the 
ultrasonic wave and the infrared ray when writing by the 
dedicated pen 102 is not conducted. 
[0051] Fig. 27 shows a block diagram of the drive cir- 
cuit 708 applied to the dedicated pen 1 02. The drive cir- 
cuit 708 comprises a timer 710, an infrared ray drive cir- 
cuit 71 1 and an ultrasonic wave drive circuit 71 2. When 
the ink tube 702 of the dedicated pen 1 02 and the face 
for writing of the sheet contact and this contact is de- 
tected by the contact detection switch 703, an infrared 
pulse is generated from the infrared ray transmitter 705 
and an ultrasonic wave pulse is generated from the ul- 
trasonic transmitter 704 for a constant period (50 Hz- 
1 00 Hz) by the actuation of the timer 71 0 for the infrared 
ray drive circuit 711 and the ultrasonic wave drive circuit 
71 2. The period is set to be a constant period of approx- 
imately 50 Hz because it is enough that only movement 
of the pen 1 02 by the user's hand can be detected stably. 
[0052] Next, the configuration of a coordinate input- 
ting apparatus 801 of another embodiment according to 
the invention referring to Fig. 28A and 28B will be de- 
scribed. This embodiment has the feature that a board 

802 (corresponding to the base 303 in Fig. 20A) is pro- 
vided below the main body 302 constituting a receiver 

803 and the sheet is loaded on the upper portion of the 
board 802. That is, the main body 302 is axially support- 
ed against the board 802 by a shaft 306 on the base 
edge side (on the right in the drawing) and, because the 
main body 302 is freely opened and closed centering 
the shaft 306 against the board 802, a corner of the 
sheet 105 can be pinched and held on the board 802. 
The thickness of the board 802 is selected to be thin and 
the size of it is selected as approximately the same as 
that of the sheet. The fixed position of the receiver 803 
against the board 802 is selected on a corner of the 



board 802 such that the angle between the receiver and 
the upper edge of the board 802 is in the range of 30 to 
60 degrees and, more specifically, it is 45 degrees with 
which the directionality to the sheet becomes maximal. 

5 Furthermore, because the thickness of the board 802 
employed in this embodiment is chosen as thin, the 
board 802 acts as a solid support for writing and it is not 
unsuitable for carrying as a tablet. Therefore, the board 
802 can be used as a coordinate inputting apparatus 

10 convenient for carrying. The size of the board 802 is not 
solely limited to A4 size etc. that are often used and it 
can be used as a coordinate inputting apparatus 801 
more suitable for carrying when a smaller size such as 
B5 is selected. Such coordinate inputting apparatus 801 

15 of the embodiment is composed such that a rectangular 
board 802 corresponding to a base 303 is provided be- 
low the main body 302 constituting the receiver 803. A 
sheet is loaded on the board 802 and a corner of the 
sheet is selected and fixed to form an angle in a range 

20 of 30 to 60 degrees with the upper edge of the board 
801 . Therefore, no blind spots are created for the ultra- 
sonic wave receivers 304-1 and 304-2, the apparent 
spacing between the ultrasonic wave receivers 304-1 
and 304-2 is not narrowed and the board 802 acts as a 

25 solid support for writing. Thus, the usability while writing 
by the pen 102 and portability are excellent. As a result, 
the apparatus 801 can be utilized as a portable appara- 
tus. 

[0053] Fig. 29 shows a coordinate inputting apparatus 

30 805 composed such that the receiver 803 and a clip 809 
are separated bodies, the clip 809 is provided on the 
upper portion of the board 802 and the sheet 105 is 
pinched by the clip 809. Similarly in this case, the fixed 
position of the upper half portion 302 is selected on a 

35 corner of the board 802 and, simultaneously, to form an 
angle in a range of 30 to 60 degrees with the upper edge 
of this board 802 and, more specifically, 45 degrees with 
which the directionality of the ultrasonic wave receiver 
304 to the sheet becomes strongest. In this case, be- 

40 cause the sheet 105 can be fixed by the clip 809, it is 
not necessary to provide in the main body 302 any 
mechanism for pinching the sheet such as the shaft 306. 
[0054] Fig. 30 shows a block diagram of a circuit em- 
bodying a receiver of the invention. The receiver circuit 

45 comprises input amplifiers 111a and 111b for amplifying 
the ultrasonic wave pulse received at the ultrasonic 
wave receiver, comparators 112a and 112b, zero-cross 
comparators 113a and 113b, FFs (flip-flops) 114a and 
114b, AND gates 118a and 118b, timers 115a and 115b 

50 and a micro-controller 116. The ultrasonic wave propa- 
gation times T1 and T2 can be detected by such a circuit 
configuration. First, as shown in Fig. 31 A, the timer 1 1 5a 
and 1 1 5b are started by the receiving by the infrared ray 
receiver 305 of infrared ray pulses transmitted from the 

55 infrared transmitter 705. Then, the ultrasonic wave puls- 
es received by one of the two ultrasonic wave receivers 
304-1 are amplified to an appropriate level as shown in 
Fig. 31 B and 31 C by the input amplifiers 111a and 111b. 
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A threshold value is extracted by the comparator 112a 
from the ultrasonic pulses after being amplified by the 
input amplifier 111a and the FF 1 1 4a is turned on when 
the ultrasonic wave pulse exceeds the threshold value. 
Then, a zero-cross (Z-point) is detected by the zero- 
cross comparator 113a and the timer 115a is stopped 
by the AND of both of these. At this moment, the next 
zero-cross position exceeding the threshold value is de- 
tected. The time at which this zero-cross position is de- 
tected is the arriving time of the ultrasonic wave pulse 
for the ultrasonic wave receiver. Then, the ultrasonic 
wave propagation time T1 to the arrival of the ultrasonic 
wave pulse is detected by the timer based on the infra- 
red ray synchronous signal from the infrared receiver 
305. The propagation time T2 is detected inthe same 
sequence for another ultrasonic wave receiver 304-2 
and the propagation times T1 and T2 detected as above 
are input to a micro-computer 116. As described later, 
the lengths from the pen point being the writing position 
to the ultrasonic wave receivers 304-1 and 304-2 can 
be calculated based on the propagation times T1 and 
T2 detected in this manner. 

[0055] Fig. 32 shows aflowchartshowing the process 
conducted in the micro-computer and the personal com- 
puter. Referring to this flow chart, the method for calcu- 
lating the coordinates by the personal computer from the 
ultrasonic wave propagation times T1 and T2 detected 
will be described. First, as the process conducted by the 
micro-controller 1 1 6, a process of reading out the prop- 
agation times T1 and T2 from the timers 1 1 5a and 1 1 5b 
is conducted (Step S120). These read-out propagation 
times T1 and T2 are transferred through a USB port to 
the personal computer (Step S1 21 ). Following is a proc- 
ess conducted in the personal computer. In the personal 
computer, a process of reading out the propagation 
times T1 and T2 from the micro-controller 116 is con- 
ducted (Step S122), then, a length calculation for calcu- 
lating the length L1 and the length L2 that are the lengths 
between the pen point and the two ultrasonic wave re- 
ceivers 304, from these propagation times T1 and T2 is 
conducted (Step S1 23). That is, denoting the sound ve- 
locity as V and the length between the ultrasonic wave 
receivers as W, the length L1 and the length L2 are cal- 
culated from the following formula. 

L1 = VxT1 



L2 = VXT2 

Then, a coordinate calculation process is conducted in 
the personal computer for calculating the coordinate po- 
sitions based on the length L1 and the length L2 calcu- 
lated from the formula in Step S123 (Step S124). That 
is, assuming a coordinate system in which the position 
of one ultrasonic wave receiver 304 of the two receivers 
304 is taken as the origin and the position of the other 



ultrasonic wave receiver 304 is taken as (W, 0) , the co- 
ordinate of the pen in this coordinate system (x, y) is 
found as follows. Since, 

xV = L1 2 
(x-W) 2 +y 2 = L2 2 , 

10 

solving these equations for x and y gives the following. 

x = (L J \ 2 -L2 2 +\A?)I2W 

y = -VL1 -x 

From these formulae , each coordinate, (x,y) can be ob- 
tained. Furthermore, because the calculation of mouse 
pointer coordinates on the computer screen is neces- 
sary in the personal computer, a coordinate calculation 
for specifying the mouse cursor position is conducted 
(Step S125). That is, denoting the mouse coordinate as 
(X, Y) , this coordinate can be obtained from the follow- 
ing formulae. 

X = a11x+a12y+b1 

Y = a21x+a22y+b2, 

where the coefficients a11, a12, a21, a22, b1 and b2 
have been predetermined by a calibration as built-in da- 
ta. Then, a process for moving the mouse cursor is con- 
ducted basedon the mouse coordinate (X, Y) obtained 
in Step S125 (Step S126). After this, the desired coor- 
dinate inputting can be conducted by repeatingthe proc- 
ess from (Step S120) to (Step S126). General purpose 
application software such as, for example, a paint pro- 
gram can be used for showing actually the trace made 
by the pen on the personal computer screen. The char- 
acters etc. hand-written materially on the sheet are 
stored in the personal computer as bit map data. 
[0056] As described above, in the above embodi- 
ments it is possible to down -size the configuration of the 
coordinate inputting apparatus because no blind spot is 
created for the ultrasonic wave receivers, narrowing the 
apparent spacing between the ultrasonic wave receiv- 
ers is prevented and the ultrasonic wave receivers can 
be arranged and fixed on a corner of the sheet. There- 
fore ; these embodiments have the effect that the appa- 
ratus is excellent in usability and portability and it can 
be used as a portable receiver. Furthermore, by fixedly 
attaching the receiver on a rectangular (plate-shaped) 
board loaded with a sheet for marking with a dedicated 
pen, because the receiver is positioned and fixed on the 
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corner of the board in advance, no blind spot is created 
for the ultrasonic wave receivers, narrowing of the ap- 
parent spacing between the ultrasonic wave receivers 
is prevented and, in addition, the board can work as a 
solid support for writing. Therefore, the apparatus is ex- 
cellent in usability and portability while writing and it can 
be used as a portable apparatus. 
[0057] I n addition , because the receiver is fixed on the 
board with a sheet at a position such that an angle 
formed by a line connecting a plurality of ultrasonic wave 
receivers and the upper edge of the sheet is in the range 
of 30 to 60 degrees, no blind spot is created for the ul- 
trasonic wave receivers, narrowing of the apparent 
spacing of the ultrasonic wave receivers is prevented 
and, in addition, the receiver is excellent in usability and 
portability. Therefore, the apparatus can be used as a 
portable apparatus. 

[0058] Furthermore, because a flexible edge portion 
is formed set in the direction approximately 90 degrees 
pressing the pinching face of the receiver against the 
corner of the sheet, by inserting the sheet along the 
edge portion, the arrangement angle of the receiver to 
the sheet is arranged at an inclined position of 45 de- 
grees with which the directionality becomes strongest. 
[0059] Fig. 33 shows a coordinate inputting apparatus 
for inputting coordinate information to a computer etc. 
for obtaining a coordinate of a mover using triangulation 
based on the length to the mover measured by meas- 
uring the propagation time of an ultrasonic wave trans- 
mitted by the mover. According to this configuration, it 
is possible to input to computer etc. handwritten char- 
acters written by the pen-shaped mover, on a paper 
sheet placed on, for example, a desk, as they are. That 
is, a pen-shaped mover 21 0 is embedded with an ultra- 
sonic wave transmitter and the ultrasonic wave trans- 
mitted from the ultrasonic wave transmitter of the pen- 
shaped mover is received by a plurality of ultrasonic 
wave receivers 250a and 250b in a fixed unit 250. Then, 
by measuring the difference between the time when 
each of the ultrasonic wave receivers receives the ultra- 
sonic wave and the time the ultrasonic wave has been 
transmitted from the pen-shaped mover 210, i.e., the 
propagation time of the ultrasonic wave, each of the 
lengths (propagated lengths) between the pen-shaped 
mover 210 and plurality of the ultrasonic wave receivers 
250a and 250b is calculated. Then, the coordinate po- 
sition of the pen-shaped mover 210 is determined by 
triangulation based on these lengths and the length be- 
tween the ultrasonic wave receivers 250a and 250b pre- 
viously measured. In the above length calculation, it is 
possible to obtain each length to the transmitter by mul- 
tiplying each propagation time of the ultrasonic wave 
with the sound velocity. These propagation time periods 
are obtained as the time periods from the transmission 
timing obtained from an LED drive circuit 203 shown in 
Fig. 34 to the receiving timing of the ultrasonic wave at 
each of the ultrasonic wave receivers 250a and 250b. 
[0060] As shown in Fig. 34, the pen-shaped mover 



21 0 is provided with a mechanism for detecting a writing 
action of the pen-shaped mover 210 by an operator, i. 
e., a writer, for example, a contact detection switch 201 . 
The switch 201 is turned on when the pen tip of the pen- 
5 shaped mover 210 contacts the face for writing of the 
paper sheet etc. on a desk. When the switch 201 is 
turned on, an ultrasonic wave transmission is conducted 
by driving an ultrasonic wave generator 206 by an ultra- 
sonic wave drive circuit 205 at a predetermined time in- 
fo terval by a timer 202 until the pen tip is separated from 
the face for writing. During this, a synchronous signal 
indicative of the synchronized timing is fed to the fixed 
unit 250 on the receiver side by driving an infrared LED 
204 by the LED drive circuit 203 simultaneously with the 
is ultrasonic wave transmission. Since the synchronous 
signal can be an electromagnetic signal by the illumina- 
tion of an infrared ray etc., it is possible to shorten the 
infrared propagation time such that it can be ignored rel- 
ative to the propagation time of the ultrasonic wave. 
20 Now, a case where writing is detected by the pressure 
sensitive switch 201 as shown in Fig. 35A and the ultra- 
sonic wave transmission is conducted as shown in Fig. 
35C simultaneously is considered 
The synchronous signal shown in Fig. 35B and the ul- 
25 trasonic wave signal shown in Fig. 35C are transmitted 
intermittently at a predetermined period defined by the 
timer 202 by a function of the timer 202. 
[0061] When writing actions are performed using pen- 
shaped mover 21 0, noise is generated in a form depend- 
so ing on the relationship between the hardness of the pen 
tip and the face for writing emitted from the pen tip and 
the sheet of paper written on. This "sound of collision" 
may contain an ultrasonic sound component of several 
ten kHz. In addition, the echoes of the sound of collision 
35 may continue for several milliseconds as shown in Fig. 
36A due to the configuration of the pen-shaped mover 
21 0 and surrounding environment. Therefore, as shown 
in Fig. 36B, not only the waves transmitted from the 
transmitter 206 that should be detected but also ultra- 
40 sonic noise of the sound of collision are detected in the 
fixed unit and. as a result, the coordinate position may 
be mis-detected. It is considered, as shown in Fig. 35A 
to 35C, the factors that create a time difference At be- 
tween the occurrences of the sound of collision and the 
45 ultrasonic wave signal are mainly the operation time of 
the pressure sensitive switch 201 as a writing detection 
mechanism 201 and circuit operation time of the ultra- 
sonic wave drive circuit 205 etc. 
[0062] In a first embodiment considered for solving 
50 the problem of mis-detection due to the sound of colli- 
sion, as shown in Fig. 37, a delay circuit 211 is provided 
between the writing detection mechanism 201 , and the 
synchronized circuit 203 and the ultrasonic wave drive 
circuit 205. The sound of collision (pen noise) is gener- 
55 ated atthe initial point of each stroke in the writing action 
by the operator, i.e., it is generated at the first moment 
of contacting of the pen tip of the pen or stylus 210 with 
the writing pad (sheet). Then, in the embodiment, as 
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shown in Fig. 38Ato38C, it has a configuration in which, 
by providing a predetermined delay T by the delay circuit 
211 after the writing has been detected at the writing 
detection mechanism 201, an intermittent ultrasonic 
wave transmission is implemented through the timer 
202 by the ultrasonic wave drive circuit 205 afterthetime 
T has passed. Because awaiting time is provided after 
the writing detection until the sound of collision and its 
echoes are decayed enough and ceased as described 
above, any mis-detection of the ultrasonic wave can be 
prevented. That is, in this embodiment, the writing is de- 
tected by the pressure sensitive switch 201 and, then, 
a delay of the predetermined time interval T is provided 
by the delay circuit 211 . The time interval T in this case 
is set (at, for example, several milliseconds) according 
to the result obtained by measuring the sound of colli- 
sion and the echo time in advance. Afterthis delay, until 
the time when the end of writing is detected by detecting 
the changed contact between the pen-shaped mover 
210 and the face for writing, by the contact detection 
switch 201 , for example, pressure sensitive switch, the 
transmission of the ultrasonic wave is conducted inter- 
mittently at the predetermined interval (period) by the 
timer 202. In this embodiment, the infrared LED 204 is 
used as the synchronizing circuit 203 and the synchro- 
nous signal is transmitted by the illumination of the in- 
frared LED 204. However, the synchronizing circuit 203 
is not limited to the one described above and a method 
in which the pen-shaped mover 21 0 and the fixed unit 
250 are connected through a wire and the electrical sig- 
nal is transmitted directly can be used. 
[0063] Next, a further embodiment also intended for 
preventing the mis-detection due to the pen contact 
noise will be described. It is possible to apparently elim- 
inate the effect of the sound of collision if the operator 
is set not to notice the effect even when the operator is 
under the effect of the sound of collision. That is, it is 
preferable to have a configuration in which the end of 
each stroke of the writing action of the pen-shaped mov- 
er is detected by the operator and, the first coordinate 
detection data of the next stroke starting immediately 
afterthis is not used (is ignored). This is an approach 
utilizing the fact that the scratching sound made by the 
pen is generated only at the moment of each stroke of 
thewriting action. In this embodiment, the detection of 
the end of a stroke is conducted by, more specifically, 
for example, detecting a transmission repetition rate of 
the ultrasonic wave transmitted intermittently at a con- 
stant period and judging if the period of the repetition 
rate (approximately 50-200 Hz) is a predetermined one 
or not. That is, as shown in Fig. 37, the intermittent and 
periodic generation of the synchronized signal through 
the timer 202 is started by a detection of the contact of 
the pen-shaped mover 210 and the face for writing by 
the pressure-sensitive switch 201 and continues while 
the contact continues. Therefore, the intermittent and 
periodic generation of the synchronized signal is ceased 
by the ceasing the detection of the contact by the contact 



detection switch 201 caused by the end of the stroke of 
the writing action. As a result, a relatively long time in- 
terval occurs until the intermittentandperiodic genera- 
tion of a next synchronous signal is started by the start 

5 of a stroke of a next writing action. Therefore, it is pos- 
sible to detect the state of the blank of time as being an 
irregularity of the period of receiving the synchronous 
signal (i.e., receiving the synchronizing pulse). 
[0064] Fig. 39 shows the operation according to a 

10 method of the above embodiment. That is, the end of 
the stroke is detected and the measured value at the 
first moment of the next stroke is ignored. More specif- 
ically, the detection of the end of the stroke is conducted 
as follows. That is, a time interval at which the synchro- 
's nous signal is sent from the mover 210 is measured 
(StepS11 andS12) and, when the measured result does 
not coincide with the predetermined repetition period of 
the synchronous signal transmission (No of Step S13), 
it is judged that the stroke is ended and a next stroke is 

20 started and, in this case, the operation returns to Step 
S1 1 without conducting the coordinate calculation of the 
mover 10 by the receiving of the ultrasonic wave . In 
contrast, when the detected period of the synchronous 
signal is judged to be the predetermined value (Yes of 

25 step S13), a coordinate calculation of the pen-shaped 
mover 210 is conducted using triangulation based on 
the difference between the detected receiving timing of 
the synchronous signal and the ultrasonic wave (Step 
S14). In the case where noise such as extraneous light 

30 can be mis-detected as the synchronous signal, it is pos- 
sible to avoid the mis-detection by not applying the 
measured value to the position calculation by detecting 
it as an irregularity of the synchronizing pulse receiving 
period by the process of Fig. 39. 

35 [0065] Next, another embodiment of the invention for 
preventing the malfunctioning caused by the sound of 
collision will be described. This embodiment has a con- 
figuration in which the initial moment of each writing 
stroke is detected utilizing the fact that the contact of 

40 noise is generated mainly at the initial moment of a writ- 
ing stroke and the measured value at that moment is 
ignored. More specifically, the end of the stroke of the 
writing action is transmitted from the pen-shaped mover 
210 that is the transmitting side and the fixed unit 250 

45 side receives it and distinguishes ultrasonic contact 
noise from a normal ultrasonic wave. The transmission 
of the end of the stroke is conducted by the synchronous 
signal. 

[0066] In this embodiment, similarly to the previous 
50 two embodiments, the infrared LED 204 is used as the 
synchronizing circuit 203. In this case, the transmission 
of the end (pen-0 FF) of the stroke is enabled by prepar- 
ing two kinds of signals of pen-ON signal and pen-OFF 
signal, having different pulse widths of infrared ray as 
55 shown in Figs. 42A and 42B. On the other hand, in the 
fixed unit 250, initial flags are provided by pen-ON/OFF. 
Whether a transmitted signal is that of the initial moment 
of the stroke or not is judged by this initial flag and, when 
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it is of the initial moment, the measured value for this 
moment is ignored. That is, in Fig. 40. when the contact 
of the pen tip is detected from the output of the contact 
detection switch on the mover 210 side (Yes of Step 
S21). a synchronous signal to be the pen-ON signal 
shown in Fig. 42A is transmitted (Step S22). In addition, 
an ultrasonic wave is transmitted simultaneously (Step 
S23). Then, when a repetition period by the timer 202 is 
judged to have passed (Yes of Step S24), the operation 
returns to Step S21 and restarted from the operation for 
judging whether the pen tip contacts or not. At this mo- 
ment, when the end of the pen tip contact is detected in 
Step S21 (No), whether the synchronous signal to be a 
pen-OFF signal that is the signal for the moment when 
the pen tip does not contact shown in Fig. 42B has been 
transmitted or not is judged in Step S25. When the syn- 
chronous signal has not been transmitted (YES), a 
pen-OFF signal is transmitted in Step S26. On the other 
hand, when the synchronous signal has been transmit- 
ted (No), the operation returns to Step S21 . In this man- 
ner, the pen-OFF signal is prevented from being trans- 
mitted repeatedly while the pen-shaped mover 210 is 
out of contact with the paper (writing pad). 
[0067] On the other hand, as shown in Fig. 41 , when 
the fixed unit 250 on the receiving side detects the syn- 
chronous signal (Yes) , it judges whether the signal is a 
pen-OFF signal or not (Step S32) and, when it is a 
pen-OFF signal (Yes), an initial flag is placed (set) (S33) 
and the operation returns to the Step 31 ignoring the 
measured value at that moment. On the other hand, 
when the signal is judged not to be a pen-OFF signal 
(No), the signal is judged whether it is a pen-ON signal 
or not in Step S34. Next, when it is a pen-ON signal 
(Yes), whether the initial flag is placed or not is judged 
in Step S35. When it is placed (Yes), the initial flag is 
made off and cleared in Step S36 and the operation re- 
turns to Step S31 ignoring the measured value at that 
moment. 

When it is not placed (No), the coordinate calculation of 
the mover 210 is conducted using triangulation as de- 
scribed above using the measured value at that moment 
in Step S37. As described above, according to this em- 
bodiment, an initial flag is placed when a pen-OFF signal 
is detected and, after the detection of a pen-ON signal, 
the initial flag is cleared once, then, the coordinate cal- 
culation is conducted from the moment when the next 
synchronous signal is detected. As a result, the meas- 
ured value at the initial stage of the writing stroke is ig- 
nored. However, in this manner, no trouble occurs in de- 
tecting the writing stroke of a handwritten characters etc. 
even when the data for the initial several times of the 
writing stroke is ignored because the repetition rate of 
the synchronous signal and the ultrasonic signal by the 
timer 202 is 50-200 Hz as described above. 
[0068] A still further embodiment of the invention for 
preventing any malfunction caused by the noise of the 
mover will be described. In this embodiment, the mis- 
detection between the sound of collision and the normal 



ultrasonic wave signal is prevented by providing means 
for distinguishing the sound of collision from the ultra- 
sonic wave signal to the fixed unit 250. More specifically, 
the sound of collision generally contains relatively many 
5 frequency components while the frequency of the ultra- 
sonic wave signal transmitted from the pen-shaped 
mover 210 is a fixed frequency. Thus, it is possible to 
distinguish the sound of collision from the normal ultra- 
sonic wave signal by analyzing the frequency compo- 
se nents of the received sonic wave. 

[0069] Fig. 43 shows the operation of the receiving 
side of this embodiment, i.e., the fixed unit 250. In this 
embodiment, the period of the received sonic wave is 
measured using an approach of, for example, zero- 
's cross detection etc. (Step S51 , S52 and S53). When this 
period is different from the predetermined period of the 
ultrasonic wave signal transmitted from the pen-shaped 
mover 21 0 (Yes of Step S54), the received sonic wave 
is ignored and the normal ultrasonic wave signal (pulse) 
2Q is awaited (Step S56). On the other hand, when the pe- 
riod of the received sonic wave coincides with the above 
predetermined period (Yes of S54), the sonic wave is 
judged to be the normal ultrasonic wave and the coor- 
dinate calculation process for the pen-shaped mover 
25 21 0 is conducted using triangulation as described above 
using this judgment result (Step S55). 
[0070] Figs. 44A and 44B show the configuration of 
the receiving side (the fixed unit 250 side) according to 
this embodiment shown in Fig. 43. Only the ultrasonic 
30 wave receiver 250a side will be described because the 
circuits following the ultrasonic wave receivers 250a 
250b are the same. The output of the receiver 250a is 
input to an input amplifier 251 a and the detected signal 
amplified in the input amplifier 251 a is utilized for meas- 
35 uring the ultrasonic wave receiving timing, i.e.. propa- 
gation time of the ultrasonic wave signal as well as for 
the period measurement of the received sonic wave. 
That is, the amplifier output is input to both of a compa- 
rator 253a for propagation time measurement and a 
40 comparator 252a for measuring a 1/2 period. As to the 
measurement of the propagation time, it is measured by 
starting a timer 259a with the input from an infrared PD 
(synchronous signal detector) 250c and stopping the 
timer 259a with the output from the comparator 253a. 
45 The time T1 measured by the timer 259a is taken as the 
propagation time of the ultrasonic wave signal. The 
comparator 253a has a predetermined threshold value 
and generates an output when a sonic wave exceeding 
the threshold value is received. This threshold value is 
50 setto a level with which it prevents the detection of sonic 
wave caused by noise such as scratching or scraping. 
On the other hand, the comparator 252a used for 1/2 
period measurement of the received sonic wave is a ze- 
ro-cross comparator and the output of this comparator 
55 252a is inputto both of a rise edge detection circuit 255a 
and a fall-down edge detection circuit 256a. Because 
the zero-cross comparator 252a often generates pulses 
due to noise etc. . a signal generated when the output of 
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the comparator 253a for above propagation time meas- 
urement is received at a FF (flip-flop) is utilized as a 
mask. That is, unnecessary noise components are 
masked by obtaining the result of AND process with the 
outputs of rise and fall-down edge detection circuit 255a 
and 255b. A timer 260a is started by the masked output 
of the rise detection circuit 255a and the timer 260a is 
stopped by the masked output of the fall-down edge de- 
tection circuit 256a. The time T2 obtained in this manner 
corresponds to a zero-cross interval of the received son- 
ic wave, i.e., 1/2 period. The timer is started by the rise 
edge and it is stopped by the fall-down edge in Fig. 45 
but the signals used to start and stop the timer can be 
the opposite of each other. That is, the circuit constituted 
of the comparator 253a and the timer 259a is a circuit 
portion for measuring the time difference T1 from the 
receiving timing of the synchronous signal received by 
the infrared PD 250c to the receiving timing of the ultra- 
sonic wave signal received by the ultrasonic wave re- 
ceiver 250a (i.e., above "propagation time") and for con- 
ducting the coordinate calculation using triangulation as 
described previously from the time difference T1 and the 
time difference T3 from the other system obtained from 
the circuit constituted of the corresponding comparator 
253b and the timer 259b. Due to this configuration, a 
sonic wave having a predetermined level and a prede- 
termined period is detected as the normal ultrasonic 
wave signal and applied to the coordinate position cal- 
culation of the pen-shaped mover 210. On the other 
hand, the circuit constituted of the comparator 252a, a 
rise edge detection circuit 255a, a fall-down detection 
circuit 256a, AND circuits 257a and 258a and a timer 
260a is a circuit portion for measuring the sonic wave 
period of the received sonic wave (for example, a period 
corresponding to 80 kHz) by starting and stopping the 
timer 260a every time the received signal level crosses 
the zero level upward and downward. 
[0071] As described above, in embodiments of the in- 
vention, in the configuration in which the propagation 
time of the length measurementsignal such as ultrason- 
ic wave etc. is detected, the corresponding propagation 
length is calculated and the position of the mover is de- 
tected using triangulation, mis-detection of the position 
due to the sound of collision that may occur at the start 
of the pen contact can be prevented by not applying the 
data obtained at the moment when the mover first con- 
tacts the contact face, to the position detection calcula- 
tion. Consequently, it is possible to realize a coordinate 
inputting apparatus excellent in usability and precision, 
that can be enabled to widen the range of application by 
not limiting the area for writing operation. 
[0072] Furthermore, the above described embodi- 
ments are illustrated for example only and are not limited 
to the exact numerical values or configurations de- 
scribed, but include any variations within the scope of 
the accompanying claims. 

[0073] It is also noted that the length measurement 
signal need not necessarily be limited to the ultrasonic 



frequency range, but could be of any frequency suitable 
fartransmitting and receiving the signal. Accordingly the 
transmitter and receiver could be adapted for the trans- 
mission and reception of a different appropriatef requen- 
5 cy. 

Claims 

10 1 . An ultrasonic length measuring apparatus compris- 
ing: 

a transmission unitfortransmitting an ultrason- 
ic wave; 

at least one receiving unit for receiving an ul- 
trasonic wave and converting it into an electric 
signal; 

a timing detection unit for measuring the 
number of times of the crossing of the wave- 
form of the received ultrasonic wave signal from 
the receiving unit over a predetermined thresh- 
old value and for detecting a crossing timing af- 
ter predetermined times from a crossing point 
of a first crossing; 

a time measuring unit for measuring the time 
period from the start of transmission of the ul- 
trasonic wave by the transmission unit to the 
crossing timing detected; and 
a length measuring unit for calculating a length 
based on the time measured. 

2. An ultrasonic length measuring apparatus compris- 
ing: 

a transmission unitfortransmitting an ultrason- 
ic wave; 

at least one receiving unit for receiving an ul- 
trasonic wave and converting it into an electric 
signal; 

a timing detection unit for measuring the 
number of times of the crossing of the wave- 
form of the received ultrasonic wave signal from 
the receiving unit over a predetermined thresh- 
old value and for detecting each crossing timing 
for predetermined times from the crossing point 
after predetermined times from the crossing 
point of first crossing; 

a time measuring unit for measuring the time 
period from the start of transmission of the ul- 
trasonic wave by the transmission unit to the 
each crossing timing detected, and obtaining 
the arithmetic mean of each time measured; 
and 

a length measuring unit for calculating a length 
based on the time obtained as the arithmetic 
mean. 

3. An ultrasonic length measuring 
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apparatus according to claim 1 or 2, wherein the 
crossing point after predetermined times is a cross- 
ing point of a vibration having the maximal ampli- 
tude of the waveform of the received ultrasonic 
wave with a threshold value or a crossing point of 
the vibration one vibration immediately before or af- 
ter the above vibration with the threshold value. 

4. An ultrasonic length measuring apparatus accord- 
ing to claim 1 or 2, wherein the crossing point after 
predetermined times is a crossing point of the nth 
vibration of the waveform of the received ultrasonic 
wave with a threshold value or a crossing point of 
the n±1th vibration with the threshold value when 
the integer Q-value of the receiving unit is n. 

5. An ultrasonic length measuring apparatus accord- 
ing to claim 2, wherein 

the timing detection unit measures the 
number of times of crossing of the waveform of the 
received ultrasonic wave received by the receiving 
unit, with the threshold value with the threshold val- 
ue set on both of the polarities relative to the center 
of the vibration, and detects each crossing timing 
for a predetermined number of times from the cross- 
ing point of both of the polarities after predeter- 
mined times counting from the crossing point of the 
first crossing, and wherein 

the time measuring unit obtains the time by 
measuring and obtaining the arithmetic mean of 
each of the time from the start of transmitting the 
ultrasonic wave by the transmission unit to each de- 
tected crossing timing of both polarities. 

6. An ultrasonic length measuring apparatus accord- 
ing to claims 2 and 5, wherein 

the timing detection unit measures the 
number of times of crossing at the rises and fall- 
downs of the waveform of the received ultrasonic 
wave received by the receiving unit, with a prede- 
termined threshold, and detects each crossing tim- 
ing for a predetermined number of times after a pre- 
determined number of times counting from the 
crossing point of the first crossing, and wherein 

the time measuring unit obtains the time ob- 
tained by measuring each time period from the start 
of transmission of the ultrasonic wave to each 
crossing timing of the detected rises and fall-downs 
and obtaining their arithmetic mean. 

7. An ultrasonic length measuring apparatus accord- 
ing to claims 1 and 2, wherein 

the transmission unit comprises a transmis- 
sion notifying unit which issues electromagnetic 
waves in synchronism with the start of transmission 
of ultrasonic waves, and wherein 

the time measuring unit receives a beam or 
electromagnetic wave from the transmission notify- 



ing unit, and detects a transmission starting timing 
of the ultrasonic wave. 

8. An ultrasonic length measuring apparatus accord- 
5 ing to any one of claims 1 to 7, wherein 

the apparatus comprises at least two (2) sys- 
tems of the receiving unit, the timing detection unit, 
the time measuring unit and the length measuring 
unit, and further comprises a coordinate measuring 
10 unit for calculating the position of the transmission 
unit as two (2)-dimensional coordinates based on 
two (2) lengths obtained by each of the length 
measuring unit. 

is 9. An ultrasonic length measuring method comprising: 

a transmission step transmitting an ultrasonic 
wave; 

a receiving step receiving an ultrasonic wave 
by use of at least one receiving unit and con- 
verting the ultrasonic wave into an electric sig- 
nal; 

a timing detection step measuring the number 
of times of the crossing of the waveform of the 
received ultrasonic wave signal over a prede- 
termined threshold value and detecting a cross- 
ing timing after predetermined times from a 
crossing point of a first crossing; 
a time measuring step measuring the time pe- 
riod from the start of transmission of the ultra- 
sonic wave to the crossing timing detected; and 
a length measuring step calculating a length 
based on the time measured. 

10. An ultrasonic length measuring method comprising: 

a transmission step transmitting an ultrasonic 
wave; 

a receiving step receiving an ultrasonic wave 
by use of at least one receiving unit and con- 
verting the ultrasonic wave into an electric sig- 
nal; 

a timing detection step measuring the number 
of times of the crossing of the waveform of the 
received ultrasonic wave signal over a prede- 
termined threshold value and for detecting 
each crossing timing for predetermined times 
from the crossing point after predetermined 
times from the crossing point of first crossing; 
a time measuring step measuring the time pe- 
riod from the start of transmission of the ultra- 
sonic wave to the each crossing timing detect- 
ed, and obtaining the arithmetic mean of each 
time measured; and 

a length measuring step calculating a length 
based on the time obtained as the arithmetic 
mean. 
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11. An ultrasonic length measuring method according 
to claim 9 or 10, wherein the crossing point after 
predetermined times is a crossing point of a vibra- 
tion having the maximal amplitude of the waveform 
of the received ultrasonic wave with a threshold val- 
ue or a crossing point of the vibration one vibration 
immediately before or after the above vibration with 
the threshold value. 

12. An ultrasonic length measuring method according 
to claim 9 or 10, wherein the crossing point after 
predetermined times is a crossing point of the nth 
vibration of the waveform of the received ultrasonic 
wave with a threshold value or a crossing point of 
the n±1th vibration with the threshold value when 
the integer Q-value of the receiving step is n. 

13. An ultrasonic length measuring method according 
to claim 10, wherein 

the timing detection step measures the 
number of times of crossing of the waveform of the 
received ultrasonic wave with the threshold value 
with the threshold value set on both of the polarities 
relative to the center of the vibration, and detects 
each crossing timing for a predetermined number 
of times from the crossing point of both of the po- 
larities after predetermined times counting from the 
crossing point of the first crossing, and wherein 

the time measuring step obtains the time by 
measuring and obtaining the arithmetic mean of 
each of the time from the start of transmitting the 
ultrasonic wave to each detected crossing timing of 
both polarities. 

14. An ultrasonic length measuring method according 
to claims 1 0 and 13, wherein 

the timing detection step measures the 
number of times of crossing at the rises and fall- 
downs of the waveform of the received ultrasonic 
wave with a predetermined threshold, and detects 
each crossing timing for a predetermined number 
of times after a predetermined number of times 
counting from the crossing point of thefirst crossing, 
and wherein 

the time measuring step obtains the time ob- 
tained by measuring each time period from the start 
of transmission of the ultrasonic wave to each 
crossing timing of the detected rises and fall-downs 
and obtaining their arithmetic mean. 

15. A method according to claim 9 or 10, wherein the 
time measurement step detects the transmission 
start timing by receiving a beam or an electromag- 
netic wave radiated from the transmission unit in 
synchronism with the ultrasonic wave transmission 
start. 

16. A method according to any one of claims 9 to 15, 



wherein the method further comprises a coordinate 
measurement step for calculating a transmission 
position as atwo (2) - dimensional coordinate based 
on the two lengths obtained in the timing detection 
5 step, the time measurement step and the length 
measurement step for the waveform of the received 
ultrasonic wave received by at leasttwo (2) systems 
of the receiving unit. 

10 17. A coordinate inputting apparatus comprising: 

a pen transmitting an ultrasonic wave; and 
a receiver for receiving the ultrasonic wave 
transmitted from the pen by at least a pair of 
15 ultrasonic wave receivers and for inputting a co- 

ordinate position of the pen based on the prop- 
agation time periods of the ultrasonic wave re- 
ceived respectively by each of the ultrasonic 
wave receivers; wherein 
20 the receiver includes: 

a plurality of ultrasonic wave receivers for 
receiving the ultrasonic wave transmitted 
from the pen; and 
25 a clip mechanism for pinching a corner of 

a predetermined sheet. 

18. An apparatus according to claim 17. wherein the 
clip mechanism is fixedly attached to a plane- 
30 shaped board loaded with a sheet for writing with 

the pen. 

1 9. An apparatus according to claims 1 7 and 1 8. where- 
in the pen has an infrared ray transmitter for trans- 

35 mitting infrared ray pulses and the receiver further 
comprises an infrared ray receiver for receiving as 
a synchronous signal the infrared ray pulses trans- 
mitted from the infrared ray transmitter. 

40 20. An apparatus according to any one of claims 1 7, 1 8 
and 19, wherein the receiver is fixed on the sheet 
at a position such that an angle is formed by a line 
connecting a plurality of the receivers and the upper 
edge of the sheet is in the range of 30 to 60 degrees. 

45 

21 . An apparatus according to any one of claims 1 7 to 

20, wherein a flexible edge portion set in a direction 
of approximately 90 degrees pressing a corner of 
the sheet on either one (1 ) of the pinching faces of 

50 the clip mechanism. 

22. An apparatus according to any one of claims 1 7 to 

21 , wherein denoting a arrangement spacing of a 
pair of the ultrasonic wave receivers to each other 

55 as W and the length of the diagonal of the sheet 
being the writing area of the pen as P. the arrange- 
ment spacing W of the ultrasonic wave receivers is 
set such that W is larger than 0.0002P 2 and smaller 
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than 0.002P 2 . 

23. An apparatus according to any one of claims 1 7 to 
21, wherein the direction of the strongest direction- 
ality of the ultrasonic wave receiver is set such that 
the angle formed by the direction and the upper 
edge of the area for writing of the sheet is in the 
range of 30 to 60 degrees. 

24. A position detecting apparatus comprising: 

a mover including means for detecting contacts 
and means fortransmitting intermittently a syn- 
chronous signal and length measurement sig- 
nal having propagation velocities different from 
each other; 

a length calculation unit for receiving these syn- 
chronous signal and length measurement sig- 
nal and for calculating from the difference of re- 
ceiving timings between these signals the each 
propagation length of the length measurement 
signal from the mover to each of a plurality of 
the predetermined fixed position; 
a position calculation unit for calculating the po- 
sition of the mover from the relative position re- 
lationship of a plurality of these propagation 
length and a plurality of the fixed positions; and 
a delay unit for delaying for a predetermined 
time the transmission start time of the length 
measurement signal transmitted intermittently 
by means for transmitting the length measure- 
ment signal. 

25. An apparatus according to claim 24, wherein the 
length measurementsignal comprises an ultrasonic 
wave signal and the predetermined time is deter- 
mined with the time that has passed until echoes 
generated when the mover and the contact face 
contacts automatically ceases. 

26. A position detecting apparatus comprising: 

a mover including means for detecting contacts 
and means fortransmitting intermittently a syn- 
chronous signal and length measurement sig- 
nal having propagation velocities different from 
each other; 

a length calculation unit for receiving synchro- 
nous signal and length measurement signal 
and for calculating from the difference of receiv- 
ing timings between these signals the each 
propagation length of the length measurement 
signal from the mover to each of a plurality of 
the predetermined fixed position; 
a position calculation unit for calculating the po- 
sition of the mover from the relative position re- 
lationship of a plurality of these propagation 
length and a plurality of thefixed positions; and 



a signal processing unit for ignoring data pro- 
duced by a signal transmitted at the first of a 
stroke among length measurement signals pro- 
duced by the stroke of contact of the mover with 
5 the contact face. 

27. An apparatus according to claim 26, wherein the 
signal processing unit ignoring the data produced 
by the signal transmitted first judges the end of the 

10 previous stroke by detecting the irregularity of a 
transmission interval of the synchronous signal 
transmitted intermittently. 

28. An apparatus according to claim 26, wherein 

15 the mover includes means for transmitting a 

signal indicating a cease of contact stroke, and 
wherein 

the signal processing unit for ignoring the data 
produced by the signal transmitted first judges the 
20 end of the previous stroke by the detected signal 
from the stroke cease detection unit. 

29. A position detecting apparatus comprising: 

25 a mover comprising a detector for detecting 

contacts and transmitter for transmitting inter- 
mittently a synchronous signal and a length 
measurement signal having propagation veloc- 
ities different from each other; 
30 a length calculation unit for receiving the syn- 

chronous signal and the length measurement 
signal and for calculating from the difference of 
the receiving timings between these signals 
each propagation length of the length measure- 
rs ment signal from the moverto each of a plurality 
of the predetermined fixed positions; and 
a position calculation unitfor calculating the po- 
sition of the mover from the relative position re- 
lationship of a plurality of the propagation 
40 length and a plurality of the fixed positions; 
wherein 

the length calculation unit comprises a signal 
identifying unit for identifying the length meas- 
uring signal. 

45 

30. An apparatus according to claim 29 ; wherein the 
length measurement signal is constituted of an ul- 
trasonic wave and the signal identifying unit for 
identifying the length measuring signal has a con- 

50 figuration in which the sound of collision generated 
when the mover and the contact face contact is dis- 
tinguished from the ultrasonic length measurement 
signal. 

55 31. An apparatus according to claim 30. wherein the 
signal identifying unit for identifying the length 
measurement signal has a configuration in which 
the length measurement signal is identified by 
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measuring the period of the received sonic wave. 
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